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Abstract

Blockchain technology is a core technology expected to play a highly instrumental
role in competing with socioenvironmental challenges. The literature hypothesizes
various blockchain functions for building a sustainable business ecosystem. This
study unifies these diverse perspectives into an interpretive strategy roadmap that
provides a holistic overview of how blockchain should be leveraged to deliver sus-
tainability functions optimally. The study first identified the sustainability functions
of blockchain through a content-centric literature review. The study applied interpre-
tive structural modeling (ISM) and drew on experts' opinions to model how and in
which order blockchain delivers these sustainability functions. The study further
drew on the ISM output and interpretive logic-knowledge base to develop the prom-
ised roadmap. Results revealed that blockchain promotes a decentralized decision
system that facilitates automation and real-time information sharing (RIS) across sup-
ply chains. Blockchain introduces traceability and transparency into supply chain
operations. These conditions offer monitoring of business operations and the devel-
opment of trust across value-chain stakeholders. These driver functions lead to value
chain optimization and circularity integration into business and supply chain opera-
tions. When these necessary functional conditions are met, businesses can further
draw on blockchain to promote economic and environmental aspects of sustainability
through more complex functions enabling resource efficiency, cost reduction, pollu-
tion prevention, and higher profit margins. The order in which businesses can lever-
age these functions would define blockchain sustainability performance. Each

function is uniquely valuable to sustainability, and none of them can be overlooked.
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1 | INTRODUCTION

Given the level of integration among economies and nations, regional
conflicts like the Russia-Ukraine war have multitudinous far-reaching
effects. This is why we can see the impact of this conflict entrenching
from social, political, and economic to environmental. From the envi-
ronment perspective, the conflict has not only contributed to environ-
mental degradation directly but also indirectly by hampering the
global environmental governance process. There is the silver line in
the cloud in the form of European countries speeding up efforts to
build long-term clean energy sources to reduce their dependencies on
Russian gas. The pursuit of green energy could be significantly paced
up by capitalizing the digital technologies. Adopting such technologies
can help reduce energy consumption at one end and can help build
clean energy resources at the other end. In contrast to conventional
wisdom, blockchain technologies have the potential to augment this
pace of adoption. Experts believe that blockchain can be leveraged to
address many enduring sustainability challenges if managed correctly
and with the right mindset (Friedman & Ormiston, 2022; Khan,
Razzaq, et al., 2021; Leng et al., 2020). Blockchain is a distributed led-
ger that uses cryptography to link blocks of data. It is decentralized
because no single group of users has complete control over data, and
instead, all parties involved collectively retain control of data
(Di Vaio & Varriale, 2020). It is also immutable because data, when
filled in blocks chronologically and chained to other consecutive
blocks, are irreversible and tamperproof (Zutshi et al., 2021). Block-
chain operates on the peer-to-peer (P2P) networking of data and elim-
inates the trusted third parties' role in ensuring the security and
authenticity of information or transactions (Howson, 2020; Li
et al., 2018). Overall, blockchain is characterized by its safety, trans-
parency, traceability, security, and decentralization characteristics,
which are believed to offer practical implications for advancing sus-
tainable development (Parmentola et al., 2022).

The literature provides miscellaneous insights into how blockchain
can build a more sustainable world (Sislian & Jaegler, 2022). Indeed,
blockchain fulfills this role through its various sustainability functions,
some of which are prominently acknowledged, while some are less
known (Khanfar et al., 2021). The decentralization feature of blockchain
may address the socioeconomic inequality issues by empowering the
stakeholder-centered distribution of wealth (Alves et al., 2022). Indeed,
blockchain can promote the concept of participation-based value crea-
tion where, instead of a privileged group of shareholders controlling the
value creation network, the entire network of stakeholders can benefit
from the growth of the value network (Corréa Tavares et al., 2021).
Alternatively, blockchain traceability and transparency features can be
an essential enabler of environmental accountability within industrial
supply chains (Agrawal et al., 2021; Centobelli et al., 2022). These fea-
tures allow supply partners and stakeholders to have a clear view of
the socio-environmental performance of raw materials, operations, and
products (Venkatesh et al., 2020). Therefore, the traceability and trans-
parency features of this technology can address some of the long-
lasting sustainability concerns of supply chains, such as child labor,

harmful emissions, or compliance issues (Guo et al., 2020).

Literature also offers early evidence on how blockchain might
improve operational efficiencies (Khanfar et al., 2021). Businesses can
leverage blockchain to optimize the distribution of materials and prod-
ucts and achieve efficiency in inventory management and order fulfill-
ment (Ho et al., 2021). More importantly, blockchain can complement
other Industry 4.0 technologies such as the Internet of Things (loT) and
machine learning to enable cognitive manufacturing systems where
optimization of manufacturing processes can improve sustainable
manufacturing performance in terms of material efficiency, waste reduc-
tion, and emission prevention (Leng et al., 2020). Alternatively, and
viewed from the macro-societal perspective, blockchain can play a criti-
cal role in advancing sustainable development goals (Parmentola
et al., 2022). For example, de Villiers et al. (2021) theoretically described
how businesses might promote the United Nations' sustainable develop-
ment goals by innovating their business model functions based on the
complementarity of blockchain and loT and their unique features such
as real-time connectivity or data transparency. Parmentola et al. (2022)
took a more holistic view and theoretically argued that blockchain can
promote sustainable development goals by empowering supply chain
sustainability, circular economy, and greening the energy sector.

Despite the hype surrounding the sustainability implications of
blockchain, little to no studies have identified the micro-mechanism
(functions) through which the sustainability implications of blockchain
can be developed and implemented. More importantly, the literature
tends to micro-analyze the individual sustainability functions of block-
chain theoretically and in isolation. This knowledge gap poses a chal-
lenge for individual firms or chains of supply partners that need to
strategize their blockchain-based business digitalization agenda to strike
a balance between competitiveness and various sustainability priorities.
Blockchain contributes to sustainability through a complex system of
functions. We believe there is no exclusivity among the blockchain sus-
tainability functions. Instead, these functions are sequentially interre-
lated, and complex precedence relationships might exist among them.
Consistently, the present study aims to model the micro-interaction of
blockchain sustainability functions and identify possible synergies and
dependencies among them. To this purpose, the study conducts a com-
prehensive content-centric review of the literature and identifies various
sustainability functions of blockchain. The study further draws on the
Interpretive Structural Modeling (ISM) technique and experts' opinions
on micro and macro blockchain-sustainability interactions and develops
the strategy roadmap explaining how blockchain should be leveraged to
enable sustainability. This model is expected to provide sustainability
actors, supply chain partners in particular, with a holistic view of how

blockchain can lead to a more sustainable value-creation ecosystem.

2 | BLOCKCHAIN AND SUSTAINABILITY

The sustainability concept builds upon a simple principle: humans and
the natural environment should coexist in productive harmony to ful-
fill present and future generations' economic and social needs
(Ghobakhloo et al., 2022). Consistently, it covers three distinct areas
of economic, environmental, and social sustainability. Sustainability
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has long been the center of attention for various scientific disciplines.
The scientific community has shown much interest in explaining how
disruptive technological innovations can contribute to sustainability,
and blockchain has been no exception. Although this game-changing
technology is very new and its application for business transformation
is still largely unknown, recent literature offers valuable insights into
blockchain opportunities for sustainability.

Previous studies have addressed blockchain's sustainability con-
tributions from diverse perspectives. A significant portion of existing
research explains how blockchain can lead to sustainable supply chain
management (Paul et al., 2021). For example, Saberi et al. (2019)
explained how the blockchain smart contracting feature could address
sustainability concerns. They also described barriers to adopting
blockchain technology within the sustainable supply chain manage-
ment context. Esmaeilian et al. (2020) explored how the transparency
and smart contracting features of blockchain can promote sustainable
supply chains in the Industry 4.0 context. Esmaeilian et al. (2020) fur-
ther revealed that blockchain interacts with other Industry 4.0 technolo-
gies like loT to improve sustainability performance metrics such as
product lifecycle visibility. Previous studies also offer important insights
into the industry-specific implications of blockchain for supply chain sus-
tainability. Within the food industry context, examples include exploring
blockchain roles in introducing sustainability into the halal food supply
chain (Ali et al., 2021), agri-food supply chain (Rana et al., 2021), and
global food supply chains (Friedman & Ormiston, 2022). Guo et al.
(2020) viewed the supply chain sustainability implications of this tech-
nology from a different perspective and observed that blockchain could
streamline the fashion supply chain's sustainable efforts by facilitating
information disclosure over environmentally-friendly operations such as
using green materials. Other contributions from this stream of research
involve exploring blockchain implications for green supply chain gover-
nance (Kleinknecht, 2021), sustainability-driven supply chain mapping
(Kusi-Sarpong et al., 2022), and supply chain green performance man-
agement (Paul et al., 2021).

Another stream of research addresses the implications of block-
chain for sustainable manufacturing and production. For instance, Leng
et al. (2020) proposed the blockchain-enabled sustainable manufactur-
ing architecture in which they explained how this technology could
empower sustainability by increasing the efficiency of equipment man-
agement, production scheduling, and resource management within
manufacturing systems. More importantly, Leng et al. (2020) proposed
capitalizing on blockchain for developing more environmentally friendly
business models such as open production or cloud manufacturing.
Alternatively, Li et al. (2021) explained how blockchain and loT could
be integrated to develop an intelligent prefabricated construction sys-
tem that serves sustainability by promoting green innovation and mate-
rial efficiency. Other significant contributions to this research stream
include identifying blockchain features and their impact on improving
the sustainable performance of manufacturers (Khanfar et al., 2021) or
defining blockchain applications for developing sustainable production
capability evaluation (Li et al., 2020).

Some recent studies hold meso and macro perspectives to explain
how blockchain might contribute to sustainability by changing the struc-
ture of the economy and society (e.g., Ajwani-Ramchandani et al., 2021;
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Upadhyay et al., 2021; Venkatesh et al., 2020). Blockchain implications
for the circular economy have received considerable attention within
this research stream. Researchers believe that blockchain's unique fea-
tures, including transparency, smart contract, trust, and traceability, can
advance the circular economy by streamlining reverse supply chain pro-
cesses such as remanufacturing, recycling, or prolonging (Centobelli
et al, 2022; Nandi et al, 2021). Although the early understanding
regarding the enabling role of blockchain for the circular economy was
mainly theoretical (Kouhizadeh et al., 2020), more recent case studies
offer valuable practical insights into the application of this technology
for developing more circular business models (Gong et al., 2022).

Despite the relative novelty of this research discipline, the litera-
ture provides important insights into the micro-mechanisms through
which blockchain can enable various aspects of sustainability at the
micro and macro analysis levels. Nevertheless, the literature falls short
in merging the existing perspectives to holistically explain whether
various sustainability functions of blockchain are mutually exclusive or
they can be developed under a shared business ecosystem to offer
superadditive sustainability value.

3 | SUSTAINABILITY FUNCTIONS OF
BLOCKCHAIN

The study followed Webster and Watson's (2002) and Watson and
Webster's (2020) literature review guideline and conducted a
content-centric review of blockchain-sustainability literature to iden-
tify the functions through which blockchain might contribute to vari-
ous aspects of sustainability. Figure 1 explains various steps taken by
the study to identify blockchain sustainability functions. Step Al
involved using the search string explained in Figure 1 to identify
related documents via the systemic search of Web of Science and
Scopus databases. Step A1 was conducted in November 2021. The
advanced search in the initial search did not apply any specific limits,
such as date range. The initial identification in step Al resulted in the
identification of 567 documents. Notably, the search string only
focused on the “TITLE” domain to manage paper volume in a broad
field, given that incorporating more domains could yield thousands of
papers, affecting the study's reliability. To account for limitations that
this decision might have caused, the study further used forward and
backward review steps to identify papers that might have been omit-
ted from the initial search due to the focus on the title domain.

Step A2 involved defining exclusion criteria. Following Ghobakh-
loo, Iranmanesh, et al. (2021), four exclusion criteria were defined to
ensure the reliability of content-centric review outcomes (Figure 1). In
step A3, the documents initially identified across step Al were sub-
jected to the exclusion criteria. As a result, 538 documents were
excluded, and 29 articles were shortlisted as the initial pool of eligible
articles. The backward review of the 29 eligible articles was con-
ducted in step B1, in which documents cited by the eligible articles
were identified and evaluated. Step B1 identified 103 additional
related documents not identified in Step Al. The 103 newly identified
documents were subjected to exclusion criteria in step B2. As a result,
95 documents were excluded, and 8 additional eligible articles were
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Step A1l: The initial identification
Objective: Identifying relevant documents within Scopus and Web of Science databases
Search string used in Scopus and Web of Science databases:
( TITLE ( blockchain ) OR TITLE ( "Distributed ledger" ) AND TITLE ( sustainable ) OR TITLE (
sustainability ) OR TITLE ( environment ) OR TITLE ( green ) OR TITLE ( circular ) )
Documents identified in stage Al (n=567)

journal (e.g., book chapters).

Step A2: Defining exclusion criteria
Exclusion criterion (EXC) 1: The document cannot be categorized as an article published in a reputable

Exclusion criterion 2: The article does not have its main body of text written in English.
Exclusion criterion 3. The article merely uses keywords such as Blockchain as a cited expression.
Exclusion criterion 4. The article does not explain how Blockchain may contribute to sustainability.

Step A3: Screening
Article removed due to EXC1 (n=219), EXC2 (n=36), EXC3 (n=44), and EXC4 (n=239)
Total number of articles excluded in step A3 (n=538)
Total number of eligible articles identified at step A3 (n=29)

The initial pool of eligible articles (n=29)
S~

Step B1: Backward review
Going backward by reviewing the documents cited by the 29 articles identified in step A3 to determine prior
related documents that require consideration.

Documents identified in step B1 (n=103)
4>

Step B2: Screening
Article removed due to EXC1 (n=34), EXC2 (n=0), EXC3 (n=9), and EXC4 (n=52)
Total number of articles excluded step B2 (n=95)
Total number of eligible articles identified at step B2 (n=8)
The extended pool of eligible articles (n=29+8=37)

Step C1: Forward review
Going forward using Web of Science and Google Scholar to identify unchecked related documents citing the
eligible articles identified across steps A3 and B2.
Journal articles identified in step C1 (n=86)

Step C2: Screening
Article removed due to EXC1 (n=39), EXC2 (n=1), EXC3 (n=15), and EXC4 (n=27)
Total number of articles excluded in step B2 (n=82)
Total number of eligible articles identified at step B2 (n=4)

The final pool of eligible articles (n=29+8+4=41)
45

Step D: Content Analysis
Content analysis of 41 eligible articles to identify Blockchain functions for sustainability

FIGURE 1 Content-centric review steps.

identified, leading to the extended pool of 37 (29 + 8) eligible articles.
Step C1 involved conducting the forward review of the 33 eligible
articles to identify related documents cited by them. Step C1 led to
the identification of 86 related documents previously not identified
across steps Al and B1. In step C2, the newly identified 86 documents
were subjected to the exclusion criteria, which excluded 82 ineligible
documents and identified 4 additional eligible documents. Steps A1l to
C2 led to the final pool of 41 (29 + 8 + 4) eligible articles.

The content assessment of the eligible articles was conducted
in step D. Following existing guides (e.g., Ghobakhloo, Iranmanesh,
et al, 2021; Webster & Watson, 2002), the research team devel-
oped and applied a comprehensive content analysis protocol to
limit the thread of bias and increase the reliability of findings.

Following the protocol, two assessors independently analyzed the
content of eligible articles to identify blockchain functions for sus-
tainability. The assessors used a standardized data archiving and
management platform to ensure the traceability, comparability,
and reliability of findings. Assessors also followed a detailed text
denoising procedure to streamline the opinion summarization. As
the final part of step D, the content assessors collaboratively reexa-
mined their findings and took part in the disagreement tracking
activity when needed. Step D identified 15 functions through which
blockchain might contribute to developing various aspects of sus-
tainability. Table 1 explains the acknowledgment of the functions
across the eligible articles. Each of the 15 functions is explained in
the following sections.
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3.1 | Business partner collaboration

Collaboration is at the heart of any sustainability initiative for system-
atically tackling environmental and social challenges (Ghobakhloo,
Iranmanesh, et al., 2021). It means companies should closely collabo-
rate with their business partners and shareholders to address critical
sustainability issues such as environmental degradation, inequality, cli-
mate change, and rebound effect (Esmaeilian et al., 2020). Blockchain
fundamentally alters many aspects of business life, and it has become
essential for promoting Business partner collaboration (BPC; Bai
et al., 2020). Lumineau et al. (2021) believe that the contribution of
blockchain to BPC involves restructuring three aspects of collabora-
tion. First, blockchain's deterring effects, such as smart contracting,
leave no room for dishonesty or reneging, expediting the partner
selection procedures. Second, blockchain protocols cannot be readily
revised. Thus, setting up blockchain has become a collective task,
requiring the honest collaboration of business partners. Third, the
autonomous execution and real-time information confirmation fea-
tures of blockchain significantly decrease dishonesty and deviations in
the execution phase of collaboration, increasing the efficiency and

consistency of BPC (Lumineau et al., 2021).

3.2 | Corporate reputation

While the concept of corporate reputation (CPR) is highly debated,
the stakeholder-centric view defines it as the aggregated feelings and
opinions of stakeholders over the corporation (Quintana-Garcia
et al,, 2021). CPR and sustainability appear to be mutually dependent.
Sustainability improves CPR by increasing the stakeholders' accep-
tance of activities. Alternatively, more reputable businesses generally
have more resources and strategic awareness to introduce sustainabil-
ity into their operations (Gomez-Trujillo et al., 2020). Blockchain
offers valuable opportunities to address the complexity and resource
intensity of building CPR. The immutability and transparency of block-
chain offer novel or complementary layers of trust to business opera-
tions (Boukis, 2020). Blockchain also strengthens CPR by increasing
the transparency of the raw material used in manufacturing products
and their carbon footprint. CPR is also improved by the smart con-
tracting, decentralization, and transparency features of blockchain,
which act as a weapon against unfair wages, child labor abuse, or poor
working conditions (Centobelli et al., 2022; Senou et al., 2019).

3.3 | Costreduction

Promoting sustainability is resource-intensive, and reducing operating
costs is critical for businesses seeking sustainability (Ching
et al,, 2022). Thus, cost reduction (COR) would allow businesses to
prioritize the implementation of more resource-efficient, energy-
aware, and human-centric operations technologies and practices
(Ghobakhloo, Fathi, et al., 2021). Blockchain offers the COR function
in various ways. This technology significantly reduces the information
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variability of supply chain operations, leading to more precise produc-
tion planning, improved delivery time, reduced warehousing costs,
and logistics expenses (Wamba et al., 2020). Hald and Kinra (2019)
further believe that blockchain technology improves supply partners'
performance and reduces their operating costs through improving
supply chain capabilities (e.g., process integration or strategic plan-
ning) and allowing business partners to better leverage their business
intelligence and supply chain management skills. More importantly,
blockchain can increase manufacturing cost efficiency by enabling
energy accounting and better asset management in smart factories
(Ghobakhloo & Iranmanesh, 2021).

3.4 | Manufacturing automation

Manufacturing automation (MAA) involves using advanced operations
and digital technologies to automate production processes and decen-
tralize manufacturing decision processes. MAA has become a strategic
priority under the disruptive force of Industry 4.0 (Ghobakhloo, Fathi,
et al., 2021). The literature has widely documented the contribution
of MAA to sustainability (Amjad et al., 2021). A safer/smarter working
environment, resource efficiency, energy awareness, emission reduc-
tion, reduced rework, and higher product quality are among the con-
tributions of MAA to sustainability (Ching et al., 2022). The role of
blockchain in delivering the MAA function is twofold. As a crucial
technological constituent of the Industrial Internet of Things (lloT) and
Cyber-Physical Production Systems (CPPSs), blockchain supports
decentralized intelligence and offers a more reliable, safer, and inte-
grated substructure for the autonomous operation of manufacturing
systems (Lee et al, 2019). Second, blockchain features such as
smart contracting and security increase the efficiency of computer-
integrated manufacturing methods, particularly additive manufact-
uring, by minimizing the data bridge threat for CAD models or ensur-
ing real-time monitoring of product design compliance (Ghimire
etal., 2021).

3.5 | Pollution reduction and prevention

Pollution reduction and prevention (POR) have long been recognized
as critical sustainability requirements (Elleuch et al., 2018). Pollution
can originate from any human activity. In the industrial scenario, most
supply chain processes, from raw material extraction to the produc-
tion and consumption of the final products, can generate pollution
(Sim & Kim, 2021). POR function involves minimizing pollution or
even preventing it by introducing smarter and more efficient opera-
tions or innovative business models (Elleuch et al., 2018). Blockchain
delivers the POR function by ensuring that supply partners adhere to
the mandatory pollution prevention standards and requirements (Bai
et al., 2020). In particular, blockchain enhances the traceability, visibil-
ity, and verifiability of products' carbon footprint. These features
allow POR strategies to be introduced into the material, production

design, supplier, distribution channels, and vendor selection decision
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processes (Wang et al., 2020). Experts also believe decentralized auto-
mation, the critical outcome of institutionalizing blockchain, offers
practical implications for POR strategies. More importantly, the contri-
bution of blockchain to renewable energy diffusion and blockchain-
based energy trading, and the resulting energy efficiency, are valuable
to POR (Tsao & Thanh, 2021).

3.6 | Profit margin enhancement

Businesses require access to the necessary financial resources to pri-
oritize sustainability. Businesses consider sustainability expensive for
several reasons, such as the premium prices of environmentally
friendly raw materials, the complexity of integrating renewables, or
the implementation of equitable business operations and practices
(Ching et al., 2022). Using cost-minimization techniques, such as
implementing proprietary technologies and the resulting profit mar-
gin improvement, allows businesses to promote sustainability and
endure costs (Yadav et al., 2020). Blockchain enables profit margin
enhancement (PME) to function in various ways. First, blockchain is
revolutionizing the concept of financial flow and transactions within
supply chains. For example, blockchain reduces the cost of transac-
tions by removing the trusted third party from supply chain financial
flows (Schmidt & Wagner, 2019). Second, the data sharing, variabil-
ity, and decentralization features of blockchain reduce the cost of
collaboration, information sharing, and asset tracking across the
supply chain and service management operations (Centobelli
et al., 2022). More importantly, blockchain can deliver the PME func-
tion by facilitating business model innovation or reinvention. For
example, manufacturing companies that rely on differentiation or
focus strategies can integrate blockchain with other disruptive tech-
nologies such as lloT to move toward the Manufacturing-as-a-
Service business model. By doing so, they can maximize their profit
margin by renting out their manufacturing capability and maximizing
the usage and profitability of the installed production capacity
(Wang et al., 2021).

3.7 | Real-time information sharing

The use of shared information systems for accumulating, sharing, and
using socioeconomic and socio-environmental data and information is
critical to sustainable production and consumption (Ching et al., 2022;
Helo & Shamsuzzoha, 2020). Under such circumstances, RIS allows
decision-makers to quickly and reliably access diverse data sources
and computational capabilities to convey the resulting insight into
favorable actions toward sustainability (Tiwari & Khan, 2020). While
cloud technologies, edge computing, and the loT serve as primary
constituents of a real-time information-sharing system, blockchain is
indispensable for the security and authenticity of such a system
(Helo & Shamsuzzoha, 2020). Blockchain offers a distributed P2P
communication network where business partners can share sustain-

ability data and performance indices with minimum concerns over

losing data control or ownership (Li et al., 2021). The decentralization
feature of blockchain ensures that each node verifies data transac-
tions, increasing the scalability and transparency of real-time data
exchange and incentivizing business partners to share sustainability
data in real-time (Di Vaio & Varriale, 2020).

3.8 | Recycling and circularity improvement
Recycling and circularity are important frontiers of sustainability
(Upadhyay et al., 2021). Recycling involves reusing materials used
already so that recycled material can be used in new products, and
waste can be prevented. Recycling is crucial to preventing the
acceleration of environmental degradation (Tabelin et al., 2021).
Circularity or circular economy represents the proactive efforts
for introducing sustainability into production and consumption.
Circularity contributes to sustainability via several principles, such as
eco-friendly product design, refurbishing, repurposing, and remanu-
facturing (Kouhizadeh et al., 2020). The enabling role of blockchain
concerning the recycling and circularity improvement (RCI) function is
threefold. First, integrating blockchain with Artificial Intelligence (Al),
cloud computing, and IoT creates a hyperconnected value chain eco-
system that increases the productivity of industrial operations and
minimizes waste, defects, and hazardous accidents (Li et al., 2021).
Second, the traceability and transparency capabilities of blockchain
push supply partners to adhere to their circularity responsibilities,
such as renewable integration (Upadhyay et al., 2021). Third, the
information reliability and transparency features of blockchain lead to
resource utilization optimization across the value chain, enhancing the
efficiency of redesigning, remanufacturing, recycling, and repairing
activities (Nandi et al., 2021).

3.9 | Resource consumption efficiency

Resource efficiency is essential for sustainable growth, which
involves gaining more value from Earth's limited resources and limit-
ing adverse environmental impacts (Diaz Lopez et al, 2019).
Blockchain delivers the resource consumption efficiency (RCE) func-
tion in a variety of manners. Blockchain increases the efficiency of
manufacturing operations by empowering trusted data exchange and
automating workflow across manufacturing chains (Zuo, 2021). The
resulting production planning, control, and management efficiencies
improve logistics, inventory management, and equipment reliability,
leading to waste prevention and resource efficiency (Ching
et al., 2022; Leng et al., 2020). Second, the extended visibility of
blockchain reduces the complexity of supply chain management
operations, for example, by removing manual certification and
approval (Wamba et al., 2020). As a result, supply chains can better
deal with improperly sourced raw materials, bottlenecks, risk points,
product or process design inefficiencies, and even counterfeiting,
which result in valuable resource efficiency opportunities across the

value networks (Leng et al., 2020).
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3.10 | Structural decentralization

Structural decentralization (STD) function involves transferring decision-
making controls from centralized units to distributed networks in the
blockchain context (Zutshi et al., 2021). This feature can offer invaluable
opportunities for promoting the economic and socio-environmental pillars
of sustainability. In most traditional value chains, the financial and data
interactions among upstream suppliers and the downstream consumers
are entrenched by third-party aggregators-distributors (Dutra et al., 2018).
Nonetheless, the decentralization feature of blockchain allows the P2P
data networking of value chain partners, removing the role of monopolis-
tic aggregators-distributors when needed (Li et al., 2018). As a result, sup-
ply chains and their stakeholders can enjoy more impartial economic
opportunities and efficiencies (Schinckus, 2020). Thanks to blockchain, the
equitable distribution of income across value chains offers essential
opportunities for financing the integration of cleaner production technolo-
gies, sustainable business model innovation, or recruitment of sustainabil-
ity talents (Bai et al., 2020).

3.11 | Traceability enhancement

Viewed from the supply chain management perspective, traceability
refers to the process of tracking the movement of products and their
components all across the value chain and through their entire life
cycle, from raw material and energy extraction to their end-use
(Hastig & Sodhi, 2020). Traceability is indispensable to sustainability, as
it allows supply partners to entrench sustainable thinking into their
decision-making process directly (Centobelli et al., 2022). In particular,
the ability to trace materials during the entire product life cycle is vital
to the conversion processes that enable reusing, remanufacturing, recy-
cling, and repurposing pillars of circularity (Agrawal et al., 2021). Block-
chain promotes the traceability enhancement (TAE) function in various
ways. For example, blockchain enhances the verifiability and tamper-
resistance of supply chain data via developing an immutable ledger.
The smart contracting feature can also streamline many aspects of sup-
ply chain traceability processes (Esmaeilian et al., 2020). Blockchain can
create an audit trail of all supply chain transactions, from raw materials
procurement to delivery logistics (Bai et al., 2020). Overall, the trace-
ability feature of blockchain promotes the sustainability of supply chain
operations via restricting illegal practices (e.g., forced child labor),
streamlining sustainability performance monitoring, and simplifying
coordination for introducing circularity (Hastig & Sodhi, 2020).

3.12 | Transparency enhancement

Transparency requires focal supply partners to be accurately aware of
what is happening throughout their supply chains, such as the envi-
ronmental impact of operations and logistics, and disseminate this
knowledge to all stakeholders (Bai et al., 2020). The contribution of
supply chain transparency to sustainability is well-documented.
According to Gardner et al's (2019) transparency-sustainability

R Wi EY- |
framework, reducing supply chain complexity, risk mitigation, opera-
tional improvements, and environmental performance assessment are
examples of functions through which transparency promotes sustain-
ability. Blockchain excels in delivering the transparency enhancement
(TPE) function by increasing the efficiency, accuracy, and accessibility
of supply chain information (Centobelli et al., 2022). Blockchain com-
plements other technological constituents of Industry 4.0, such as loT,
to allow businesses to create a digital replica of their operations and
practices (Ghobakhloo, Fathi, et al., 2021). The resulting decentralized
and immutable records of operations, transactions, material records,
outsourcing contracts, and product environmental footprint can be
crucial to supply chain transparency (Venkatesh et al., 2020).

3.13 | Trust Development

Sustainable partnership and collaboration begin with trust among sup-
ply partners (Howson, 2020). Therefore, authentic partnership and
the resulting trust-based supplier collaboration and customer relation-
ship are indispensable to fostering sustainability (Centobelli
et al., 2022). Building trust is complicated, especially across complex,
multi-tier, and global supply chains, requiring complete transparency,
responsible collaboration, visibility, and shared empathy (Mahyuni
et al., 2020). Blockchain delivers the trust development (TRD) function
by addressing some of the fundamental requirements of trust across
supply chains. The smart contracting feature of blockchain can ensure
all participants that agreements are executed autonomously when
necessary conditions are met (Tosh et al.,, 2019). Since transactions
are encrypted, and no third parties are involved in smart contracts, all
partners can trust the authenticity of business interactions (Esmaeilian
et al., 2020). Blockchain also increases the efficiency and accuracy of
supply chain interactions. The resulting time and cost savings can
encourage supply partners to move toward responsible collaboration
(Centobelli et al., 2022). More importantly, blockchain promotes trust
by increasing the security and dependability of information sharing
among business partners and addressing data provenance and owner-
ship concerns (Agrawal et al., 2021; Tosh et al., 2019).

3.14 | Value chain monitoring

Effective value chain monitoring (VCM) offers irrefutable benefits to
sustainability. Value chain monitoring involves applying data analytics
solutions to manage and control upstream suppliers' operations, pro-
duction infrastructure, warehousing processes, logistics, and overall
supply chain operations management (Junior et al., 2022). Value chain
monitoring promotes sustainability by enabling the value chain-wide
identification of sustainability issues, supply chain mapping, environ-
mental opportunity sensing, tracking of environmental footprint, and
sustainability performance measurement (Kumar et al., 2021). Block-
chain enables the VCM function by reducing the complexity of mone-
tary transactions and information flow (Di Vaio & Varriale, 2020;

Schmidt & Wagner, 2019). Complex supply chains nowadays draw on
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loT and machine learning to monitor and track the relevant aspects of
the supply chain, and blockchain ensures the reliability and trustwor-
thiness of the data used for these purposes (Centobelli et al., 2022).
Blockchain also improves the monitoring of procurement and outsour-
cing operations by streamlining smart tendering throughout the sup-
ply chain (Rane & Thakker, 2020). The immutability of blockchain also
ensures that the accountability and compliance of value chain mem-

bers are reliably monitored (Friedman & Ormiston, 2022).

3.15 | Value chain optimization

Value chain optimization (VCO) refers to businesses strategically
adjusting their processes to gain more optimal outcomes within their
value chain. VCO involves various strategic adjustments such as value
leak reduction, deeper collaborations, product or process innovation,
and inefficiencies elimination (Shabani et al., 2013). Consistently, VCO
promotes sustainability via material efficiency, waste reduction, higher
equipment effectiveness, lower energy consumption, and overall oper-
ational efficiency (Chavez et al., 2018). Blockchain delivers the VCO
function by reducing paperwork, autonomous data authentication, data
accessibility, and improved decision-making (Bai et al., 2020; Esmaeilian
et al., 2020). For example, retailers use blockchain to track grocery
products optimally and minimize spoilage. Alternatively, using block-
chain for the virtualized and tamperproof bill of lading can automate
the entire order tracking and cargo ownership transferring processes,
thus, optimizing logistics and transportation (Koh et al., 2020). The use
of smart contracts and data immutably of blockchain significantly opti-
mizes the shipping and fulfillment processes and reduces the costs of

auditing, accounting, and compliance assessment (De Giovanni, 2020).

4 | ISMMETHODOLOGY

ISM is a well-known method of identifying the contextual relation-
ships among complex system components. ISM involves the iterative
and systemic application of graph theory to turn experts' opinions
regarding the pairwise relationships of the components into graphical
representations of the underlying complex phenomenon (Yadav
et al., 2021). Previous studies have extensively used ISM to under-
stand the sustainability implications of technological innovation.
Examples include using ISM to identify Industry 4.0 implications for
sustainable energy (Ghobakhloo & Fathi, 2021) or model loT contribu-
tions to sustainable supply chain management in agriculture (Yadav
et al., 2021). The present study follows the ISM literature (e.g., Ching
et al,, 2022) and applies the ISM using the steps shown in Figure 2.
These steps are explained in the following sections.

4.1 | Collecting experts' opinion

ISM is interpretive in the sense that experts' judgments are used

to explain whether and how the components of a system are

sequentially interrelated (Ching et al., 2022). The present study col-
lected the opinions of eight experts for ISM analysis. The research
team drew on the existing guides (e.g., Hertzum, 2014) and imple-
mented a robust protocol to ensure the reliability of expert selec-
tion and opinion collection procedures. First, the research team
collaborated with the academic and industry partners to identify
suitable experts knowledgeable enough to participate in the study.
This collaboration identified 25 experts across Europe, Australia,
and South East Asia, potentially knowledgeable to participate.
Experts identified were contacted and informed about the nature
of the study in early October 2021 and further invited to partici-
pate in the briefing meeting. Twelve experts did not agree to par-
ticipate. Following Ghobakhloo and Fathi's (2021) procedure, the
research team interviewed the remaining 13 experts to ensure they
had the necessary cognitive and communication skills to participate
in the expert panel meetings. This procedure led to shortlisting
eight experts to participate in the expert panel meetings. The pro-
cess of expert opinion collection was done during five consecutive
expert panel meetings held in January 2022, within which the
research team employed the Nominal Group Technique (NGT) to
organize the experts' interactions. Meetings one and two focused
on refining and validating the blockchain sustainability functions
identified by the research team. The expert panel mostly agreed
with the structure and description of blockchain sustainability func-
tions, requesting some improvements to the titling and description
of the functions identified and presented by the research team.
Across the remaining meetings, the expert panel collectively identi-
fied the pairwise relationships among the 15 blockchain sustainabil-
ity functions.

Overall, the research team applied multiple measures to mini-
mize respondent biases and enhance both the reliability and validity
of the data collection process. The selection of experts was a metic-
ulously planned endeavor, incorporating detailed criteria, pre-survey
training, diversity in expertise, and robust interviews, which collec-
tively reduced the risk of participant bias and ensured that panel
members had the necessary qualifications to contribute effectively.
The deliberate shortlisting of the most qualified experts further miti-
gated potential biases that may have arisen from less-qualified or
less-informed participants. To bolster data reliability and validity, the
study employed a structured and comprehensive opinion collection
process through consecutive expert panel meetings, which were a
vital component of the data collection procedure. The use of the
NGT within these meetings helped minimize dominant voices and
biases, ensuring that all expert opinions were considered equally.
Various data collection measures, such as controlled moderation and
round-robin opinion recording, were implemented to diminish the
potential for opinion invisibility and bias. Peer debriefing and exter-
nal feedback from scholars not involved in the study further contrib-
uted to the study's validity. The validation of results with the expert
panel post-analysis ensured that the findings accurately represented
their opinions. These combined efforts have significantly reduced
the risk of bias, enhanced data reliability, and validated the study's

outcomes.
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FIGURE 2 ISM method and underlying steps applied in the study.

4.2 | Establishing contextual relationships

This step involves using the following coding system to identify contex-
tual relationships among each pair of functions and develop the Struc-
tural Self-Interaction Matrix (SSIM). Building on the following coding
system, the SSIM of the present study is established in Table 2. For
instance, the MAA-RIS pairwise relationship is coded by X in Table 2,

meaning MAA and RIS functions of blockchain cause each other.

43 | Constructing IRM

Constructing the Initial Reachability Matrix (IRM) involves applying
the following conversion scheme to the SSIM. By subjecting the SSIM
of the study to the following conversion scheme, the IRM is con-
structed in Table 3.

If (i, j) entry in the SSIM is coded V, then entry (i, j) in the IRM
should be set to 1, and entry (j, i) should be set to 0.
If (i, j) entry in the SSIM is coded A, then entry (i, j) in the IRM
should be set to 0, and entry (j, i) should be set to 1.

If (i, j) entry in the SSIM is coded X, both (i, j) and (j, i) entries in
the IRM should be set to 1.

If (i, j) entry in the SSIM is coded as O, both (i, j) and (j, i) entries
in the IRM should be set to O.

44 | Constructing FRM

Constructing the Final Reachability Matrix (FRM) involves subjecting the
pairwise relationships established in the IRM to the Transitivity rule. This
rule implies that if factor X causes factor Y and factor Y causes factor Z,
then factor X is inadvertently the determinant of factor Z, regardless of
their direct causal relationship (Yadav et al., 2021). The existence of tran-
sitivity is symbolized by 1* in the FRM. For example, the BPC-CPR entry
in the IRM is 0, meaning these functions are independent. However,
BPC directly causes RCI (BPC-RCI entry in Table 2 is 1), and RCI directly
causes CPR (RCI-CPR entry in Table 2 is 1). Consistently, and drawing
on the transitivity rule, the BPC-CPR entry in FRM of the study (Table 3)
is represented by 1*. Table 4 also represents the driving power and
dependence power of each sustainability function. The driving power for

a given function is calculated as the number of functions caused by
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TABLE 2 The structural self-interaction matrix.
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Abbreviations: A, blockchain sustainability function i is caused by blockchain sustainability function j; O, blockchain sustainability functions i and j are
independent; V, blockchain sustainability function i causes blockchain sustainability function j; X, blockchain sustainability functions i and j cause each

other.

TABLE 3 The initial reachability matrix.

BPC CPR COR MAA POR PME RIS
BPC 1 0 0 0 0 0 0
CPR 0 1 0 0 1 1 0
COR 0 0 1 0 0 1 0
MAA 1 0 1 1 0 0 1
POR 0 1 0 0 1 0 0
PME 0 0 0 0 0 1 0
RIS 1 0 0 1 0 0 1
RCI 0 1 1 0 1 1 0
RCE 0 0 1 0 1 1 0
STD 0 0 0 1 0 0 1
TAE 0 1 0 0 0 0 0
TPE 0 1 0 0 0 0 0
TRD 1 0 0 0 0 0 0
VCM 0 1 0 0 1 0 0
VCO 0 0 1 0 0 1 0

it. Alternatively, driving power for a given function is calculated as the
number of functions caused by. The implications of driving power and
dependence power for building the MICMAC matrix will be explained in
the following sections.

4.5 | Constructing hierarchy levels

Constructing hierarchy levels of blockchain sustainability functions
involves drawing on FRM to develop each function's reachability,

RCI RCE STD TAE TPE TRD VCM VvCO
1 1 0 0 0 0 0 1
1 1 0 0 0 0 0 0
0 0 0 0 (0] 0 0 0
0 1 0 1 1 1 1 1
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
1 0 0 0 1 1 1 1
1 1 0 0 0 0 0 0
0 1 0 0 0] 0 0 0
1 0 1 1 1 1 0 0
1 1 0 1 1 1 1 1
1 0 0 0 1 1 1 0
0 0 0 0 0 1 0 0
1 1 0 0 0 1 1 0
0 1 0 0 0 0 0 1

antecedent, and intersection sets. The reachability set for a particular
function consists of functions reached (or caused) by it, whereas func-
tions causing (or determining) the particular function construct the
antecedent set. Functions shared among both reachability and ante-
cedent sets of a given function construct the intersection set. After
constructing the reachability, antecedent, and intersection sets for all
functions, the hierarchy levels can be established by executing the
extraction procedure. The extraction procedure involves identifying
the functions with identical reachability and intersection sets in each

iteration and removing them from the successive iterations of
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TABLE 5

Factors

GHOBAKHLOO ET AL.

Hierarchy level for blockchain sustainability functions.

Reachability set

Iteration |

BPC
CPR

COR

MAA

POR

PME

RIS

RCI

RCE

STD

TAE

TPE

TRD
VCM
VCO

BPC, CPR, COR, POR, PME, RCI, RCE, VCO
CPR, COR, POR, PME, RCI, RCE

COR, PME

BPC, CPR, COR, MAA, POR, PME, RIS, RCI, RCE, TAE,
TPE, TRD, VCM, VCO

CPR, POR, PME, RCI, RCE

PME

BPC, CPR, COR, MAA, POR, PME, RIS, RCI, RCE, TAE,
TPE, TRD, VCM, VCO

CPR, COR, POR, PME, RCI, RCE

CPR, COR, POR, PME, RCE

BPC, CPR, COR, MAA, POR, PME, RIS, RCI, RCE, STD,
TAE, TPE, TRD, VCM, VCO

BPC, CPR, COR, POR, PME, RCI, RCE, TAE, TPE, TRD,
VCM, VCO

BPC, CPR, COR, POR, PME, RCI, RCE, TPE, TRD, VCM
BPC, RCI, RCE, TRD, VCO

BPC, CPR, COR, POR, PME, RCI, RCE, TRD, VCM
COR, POR, PME, RCE, VCO

Iteration Il

BPC
CPR

COR

MAA

POR

RIS

RCI

RCE

STD

TAE

TPE

TRD
VCM
VCO

BPC, CPR, COR, POR, RCI, RCE, VCO
CPR, COR, POR, RCI, RCE

COR

BPC, CPR, COR, MAA, POR, RIS, RCI, RCE, TAE, TPE,
TRD, VCM, VCO

CPR, POR, RCI, RCE

BPC, CPR, COR, MAA, POR, RIS, RCI, RCE, TAE, TPE,
TRD, VCM, VCO

CPR, COR, POR, RCI, RCE

CPR, COR, POR, RCE

BPC, CPR, COR, MAA, POR, RIS, RCI, RCE, STD, TAE,
TPE, TRD, VCM, VCO

BPC, CPR, COR, POR, RCI, RCE, TAE, TPE, TRD, VCM,
VCO

BPC, CPR, COR, POR, RCI, RCE, TPE, TRD, VCM
BPC, RCI, RCE, TRD, VCO

BPC, CPR, COR, POR, RCI, RCE, TRD, VCM
COR, POR, RCE, VCO

Antecedent set

BPC, MAA, RIS, STD, TAE, TPE, TRD, VCM

BPC, CPR, MAA, POR, RIS, RCI, RCE, STD, TAE,
TPE, VCM

BPC, CPR, COR, MAA, RIS, RCI, RCE, STD, TAE, TPE,
VCM, VCO

MAA, RIS, STD

BPC, CPR, MAA, POR, RIS, RCI, RCE, STD, TAE, TPE,
VCM, VCO

BPC, CPR, COR, MAA, POR, PME, RIS, RCI, RCE, STD,
TAE, TPE, VCM, VCO

MAA, RIS, STD

BPC, CPR, MAA, POR, RIS, RCI, STD, TAE, TPE,
TRD, VCM

BPC, CPR, MAA, POR, RIS, RCI, RCE, STD, TAE, TPE,
TRD, VCM, VCO

STD

MAA, RIS, STD, TAE

MAA, RIS, STD, TAE, TPE

MAA, RIS, STD, TAE, TPE, TRD, VCM
MAA, RIS, STD, TAE, TPE, VCM

BPC, MAA, RIS, STD, TAE, TRD, VCO

BPC, MAA, RIS, STD, TAE, TPE, TRD, VCM

BPC, CPR, MAA, POR, RIS, RCI, RCE, STD, TAE,
TPE, VCM

BPC, CPR, COR, MAA, RIS, RCI, RCE, STD, TAE, TPE,
VCM, VCO

MAA, RIS, STD

BPC, CPR, MAA, POR, RIS, RCI, RCE, STD, TAE, TPE,
VCM, VCO

MAA, RIS, STD

BPC, CPR, MAA, POR, RIS, RCI, STD, TAE, TPE,
TRD, VCM

BPC, CPR, MAA, POR, RIS, RCI, RCE, STD, TAE, TPE,
TRD, VCM, VCO

STD

MAA, RIS, STD, TAE

MAA, RIS, STD, TAE, TPE

MAA, RIS, STD, TAE, TPE, TRD, VCM
MAA, RIS, STD, TAE, TPE, VCM

BPC, MAA, RIS, STD, TAE, TRD, VCO

Intersection set

BPC
CPR, POR,

RCI, RCE

COR

MAA, RIS

CPR, POR,

RCI, RCE

PME

MAA, RIS

CPR, POR, RCI

CPR, POR, RCE

STD

TAE

TPE
TRD
VCM
VCO

BPC
CPR, POR,

RCI, RCE

COR

MAA, RIS

CPR, POR,

RCI, RCE

MAA, RIS

CPR, POR, RCI

CPR, POR, RCE

STD

TAE

TPE
TRD
VCM
VCO

Level
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TABLE 5 (Continued)
Factors Reachability set Antecedent set Intersection set  Level
Iteration Ill
BPC BPC, CPR, RCI, RCE, VCO BPC, MAA, RIS, STD, TAE, TPE, TRD, VCM BPC
CPR CPR, RCI, RCE BPC, CPR, MAA, RIS, RCI, RCE, STD, TAE, TPE, VCM CPR, RCI, RCE il
MAA BPC, CPR, MAA, RIS, RCI, RCE, TAE, TPE, TRD, MAA, RIS, STD MAA, RIS
VCM, VCO
RIS  BPC, CPR, MAA RIS, RCI, RCE, TAE, TPE, TRD, VCM, MAA, RIS, STD MAA, RIS
VCO
RClI  CPR, RCI, RCE BPC, CPR, MAA, RIS, RCI, STD, TAE, TPE, TRD, VCM CPR, RCI
RCE CPR,RCE BPC, CPR, MAA, RIS, RCI, RCE, STD, TAE, TPE, TRD, CPR, RCE il
VCM, VCO
STD BPC, CPR, MAA, RIS, RCI, RCE, STD, TAE, TPE, STD STD
TRD, VCM, VCO
TAE BPC, CPR, RCI, RCE, TAE, TPE, TRD, VCM, VCO MAA, RIS, STD, TAE TAE
TPE BPC, CPR, RCI, RCE, TPE, TRD, VCM MAA, RIS, STD, TAE, TPE TPE
TRD BPC, RCI, RCE, TRD, VCO MAA, RIS, STD, TAE, TPE, TRD, VCM TRD
VCM BPC, CPR, RCI, RCE, TRD, VCM MAA, RIS, STD, TAE, TPE, VCM VCM
VCO RCE, VCO BPC, MAA, RIS, STD, TAE, TRD, VCO VCO
Iteration IV
BPC BPC, RCI, VCO BPC, MAA, RIS, STD, TAE, TPE, TRD, VCM BPC
MAA BPC, MAA, RIS, RCI, TAE, TPE, TRD, VCM, VCO MAA, RIS, STD MAA RIS
RIS  BPC, MAA, RIS, RCI, TAE, TPE, TRD, VCM, VCO MAA, RIS, STD MAA, RIS
RCI  RCI BPC, MAA, RIS, RCI, STD, TAE, TPE, TRD, VCM RCI v
STD BPC, MAA, RIS, RCI, STD, TAE, TPE, TRD, VCM, VCO  STD STD
TAE BPC, RCI, TAE, TPE, TRD, VCM, VCO MAA, RIS, STD, TAE TAE
TPE BPC, RCI, TPE, TRD, VCM MAA, RIS, STD, TAE, TPE TPE
TRD BPC, RCI, TRD, VCO MAA, RIS, STD, TAE, TPE, TRD, VCM TRD
VCM BPC, RCI, TRD, VCM MAA, RIS, STD, TAE, TPE, VCM VCM
VCO VCO BPC, MAA, RIS, STD, TAE, TRD, VCO VCO v
Iteration V
BPC BPC BPC, MAA, RIS, STD, TAE, TPE, TRD, VCM BPC v
MAA BPC, MAA, RIS, TAE, TPE, TRD, VCM MAA, RIS, STD MAA, RIS
RIS  BPC, MAA, RIS, TAE, TPE, TRD, VCM MAA, RIS, STD MAA, RIS
STD BPC, MAA RIS, STD, TAE, TPE, TRD, VCM STD STD
TAE BPC, TAE, TPE, TRD, VCM MAA, RIS, STD, TAE TAE
TPE BPC, TPE, TRD, VCM MAA, RIS, STD, TAE, TPE TPE
TRD BPC, TRD MAA, RIS, STD, TAE, TPE, TRD, VCM TRD
VCM BPC, TRD, VCM MAA, RIS, STD, TAE, TPE, VCM VCM
Iteration VI
MAA MAA, RIS, TAE, TPE, TRD, VCM MAA, RIS, STD MAA, RIS
RIS MAA RIS, TAE, TPE, TRD, VCM MAA, RIS, STD MAA, RIS
STD MAA, RIS, STD, TAE, TPE, TRD, VCM STD STD
TAE TAE, TPE, TRD, VCM MAA, RIS, STD, TAE TAE
TPE TPE, TRD, VCM MAA, RIS, STD, TAE, TPE TPE
TRD TRD MAA, RIS, STD, TAE, TPE, TRD, VCM TRD Vi
VCM TRD, VCM MAA, RIS, STD, TAE, TPE, VCM VCM
Iteration VII
MAA MAA RIS, TAE, TPE, VCM MAA, RIS, STD MAA, RIS
(Continues)
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TABLE 5 (Continued)

Factors Reachability set

Antecedent set

Intersection set  Level

RIS  MAA, RIS, TAE, TPE, VCM MAA, RIS, STD MAA, RIS

STD MAA, RIS, STD, TAE, TPE, VCM STD STD

TAE TAE, TPE, VCM MAA, RIS, STD, TAE TAE

TPE TPE,VCM MAA, RIS, STD, TAE, TPE TPE

VCM VCM MAA, RIS, STD, TAE, TPE, VCM VCM Vil
Iteration VIl

MAA MAA, RIS, TAE, TPE MAA, RIS, STD MAA, RIS

RIS MAA RIS, TAE, TPE MAA, RIS, STD MAA, RIS

STD MAA RIS, STD, TAE, TPE STD STD

TAE TAE, TPE MAA, RIS, STD, TAE TAE

TPE TPE MAA, RIS, STD, TAE, TPE TPE Vil
Iteration IX

MAA MAA, RIS, TAE MAA, RIS, STD MAA, RIS

RIS MAA RIS, TAE MAA, RIS, STD MAA, RIS

STD MAA RIS, STD, TAE STD STD

TAE TAE MAA, RIS, STD, TAE TAE IX
Iteration X

MAA MAA, RIS MAA, RIS, STD MAA, RIS X

RIS MAA, RIS MAA, RIS, STD MAA, RIS X

STD MAA RIS, STD STD STD
Iteration XI

STD STD STD STD Xl

extraction procedures. For example, Table 5 shows that PME is the
only function with identical reachability and intersection sets for itera-
tion I. Thus, PME is removed from all the remaining reachability, ante-
cedent, and intersection sets, and the extraction procedure is
continued iteratively until the hierarchy level for each blockchain sus-

tainability function is determined successively.

4.6 | The interpretive blockchain-enabled
sustainability model

Figure 3 represents the interpretive structural model of blockchain-
enabled sustainability. This model has been constructed based on the
hierarchy level of sustainability functions identified in Table 5. Since
the hierarchy level of functions was identified across 11 iterations,
the ISM-based model in Figure 3 consists of 11 placement levels.
However, following the ISM standard procedure, the placement order
in Figure 3 is the opposite of the extraction sequence in Table 5. For
example, the STD function extracted in iteration 11 takes the place-
ment level 1 in Figure 3. Therefore, more driving functions are placed
at the lower placement levels. Functions become more dependent as
the placement level increases. In this model, vector arrows represent
the direct causal relationship among functions within successive
placement levels. Consistent with the ISM standard procedure

(e.g., Ching et al, 2022), the transitivity rule is ignored while

constructing the interpretive structural model, meaning vector arrows
visually present only direct relationships, and indirect relationships are
ignored.

47 | MICMAC analysis

MICMAC analysis is a complementary approach to ISM that involves
a graphical comparison of the system's components based on their
driving power and dependence power (Ghobakhloo, Iranmanesh,
et al., 2021). The matrix in Figure 4 represents the results of the
MICMAC analysis. Under MICMAC analysis, the system's components
(blockchain sustainability functions in the present study) should be
classified into four quadrants. The autonomous quadrant includes
functions with weak driving and dependence powers. TRD and CVO
are the two autonomous sustainability functions of blockchain. Driver
quadrant consists of functions with strong driving power but weak
dependence power. STD, MAA, RSI, TAE, TPE, and CVM are catego-
rized as driver sustainability functions of blockchain. The linkage
quadrant consists of functions with strong driving and dependence
powers. Functions in this quadrant are called linkage since they con-
nect the enabling role of driver functions to the more dependent and
complex functions. BPC is the only linkage sustainability function
within the study. Finally, the dependent quadrant includes functions

with weak driving power but strong dependence power. CPR, RCI,
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Placement level 11

Profit margin enhancement (PME) ’

x

Pollution Relduction and J

Prevention (POR)
*

| Resource consumption efﬁciency}

(RCE)
A

Placement level 10 Cost Reduction (COR)
*
Placement level 9 Corporate Reputation (CPR)
i
Recycling and circularity
Placement level 8 improvement (RCI)

| Value chain optimization (VCO)}

?

Placement level 7

Business partner collaboration (BPC)

i

Placement level 6

Trust development (TRD)

1

Placement level 5

Value chain monitoring (VCM)

i

Placement level 4

Transparency Enhancement (TPE)

t

Placement level 3

Traceability Enhancement (TAE)

X

Manufacturing Automation
Placement level 2

(MAA)
X

Real-time Information Sharing}
(RIS)

Placement level 1

Structural decentralization (STD)

FIGURE 3 The interpretive structural model of blockchain-enabled sustainability.

POR, COR, RCE, and PME are the six dependent sustainability func-
tions of blockchain. It means they are the least accessible and hard-
to-develop blockchain functions, which significantly rely on the

enabling role of linkage and driver sustainability functions.

5 | DISCUSSION

Experts believe emerging blockchain technologies might have impor-
tant implications for sustainable development, and the interpretive
structural model of blockchain-enabled sustainability presented in
Figure 3 explains how blockchain can deliver valuable sustainability
functions. Results indicate that blockchain contributes to sustainabil-
ity by first creating distributed and decentralized decision systems
across supply chains. This finding is supported further by the dominat-
ing role of the STD function observed within the MIMMAC matrix

(Figure 4). Through P2P data networking, blockchain allows business
partners to access value created more equitably. This fining supports
Friedman and Ormiston (2022), who recently showed that the decen-
tralization feature of blockchain acts as a basis of democracy in supply
chains, promoting the concepts such as shared value or sustainable
collaboration. The STD function further paves the way for the devel-
opment of MAA and RCI. STD enables the MAA and RCI functions by
creating the necessary data security, trust, and decentralized decision
systems that sustain automation processes and streamline the adop-
tion of 3D printers, Cobots, lloT, and CPPS, advanced manufacturing
technologies crucial to the smart factory concept.

MAA and RCI functions promote sustainability by breaking down
information silos and improving resource planning, employee creativ-
ity, productivity analytics, process monitoring, and the working envi-
ronment. Business partners can further draw on MAA and RCI

functions to improve the traceability of supply chain operations. MAA
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FIGURE 4 The MICMAC matrix.

enables the TAE function through the vertical integration of all smart
components of the smart factory, from intelligent raw materials and
components to smart machinery and equipment. The RCI function
enables TAE by facilitating the horizontal integration of supply chain
operations, facilitating supply chain mapping, and enhancing the data
capture, recording, and management processes across the entire value
chain. The TAE function of blockchain promotes sustainability by
allowing supply partners to monitor the socio-environmental impacts
of materials and products as they move through the value chain. TAE
facilitates the early detection of supply chain bottlenecks and offers
essential opportunities for minimizing the sustainability impacts of
external or internal supply chain disruptions. More importantly, TAE is
critical to developing the transparency enhancement (TPE) function.
TAE creates a more transparent supply chain by increasing access to
information on raw material origins, price records, certifications, and
outsourcing compliance.

Blockchain TPE function incentivizes positive socio-environmental
impact by increasing the accuracy of supply chain environmental sus-
tainability assessments, sharing climate footprints of products, com-
municating customers' green purchase decisions, and clarifying
business partners' contribution to the circular economy. Consistently,
TPE acts as a critical enabler of the VCM function. Through the VCM

function and by complementing loT and cloud services, blockchain
allows supply partners to better locate and track asset (e.g., raw mate-
rial or final product) status and collect intelligence on supply chain
bottlenecks or risks such as consumer-related disruptions or natural
disasters. Through transparent and efficient monitoring of upstream
suppliers, production, and distribution operations, blockchain further
delivers the TRD function. TRD s critical to sustainability, given it
allows supply partners to gain the shared empathy to develop deeper
sustainable partnerships internally and integrate with external stake-
holders responsibly. These features, complemented by the secure and
dependable information-sharing features of blockchain, facilitate the
Business Partner Collaboration (BPC) function. The BPC function is
uniquely beneficial to sustainability given it is the only linkage func-
tion transferring the enabling role of driver functions such as STD,
MAA, and RIS to more dependent and complex sustainability func-
tions of blockchain.

BPC particularly draws on the smart contracting and data immu-
tability features of blockchain to eliminate deviations from collabora-
tive efforts on addressing prevailing sustainability issues such as
energy transition or climate change. BPC further streamlines supply
chain process integration and enables the RCI and VCO functions of
blockchain. RCl and VCO are critical enablers of supply chain
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sustainability, given that they collectively allow supply chain partners
to achieve optimal outcomes from their value chain activities. These
functions serve sustainability by promoting recyclability and reducing
value leaks, inefficiencies, bottlenecks, and waste across the value
network. By introducing circularity and resource efficiency into supply
operations, RClI and VCO enable the development of CPR and
resource consumption efficiency (RCE) functions. The CPR and RCE
functions of blockchain allow supply partners to commit more
resources to develop various sustainability goals such as eliminating
child labor, preventing waste, and integrating green materials or
renewables. The CPR and RCE functions further pave the way to the
materialization of COR, POR, and PME functions of blockchain.

COR, POR, and PME are the most remote and hard-to-develop
sustainability functions of blockchain, given they cannot be genuinely
developed unless blockchain has delivered the more driver sustainabil-
ity functions. Nonetheless, COR, POR, and PME cannot be overlooked
since they have invaluable implications for promoting sustainability.
The POR function of blockchain empowers businesses to be proactive
in their sustainability management strategies and reinvent their busi-
ness models or implement smarter operations to prevent environmen-
tal pollution proactively. The COR and PME functions address the
resource intensity concerns associated with implementing reactive
and proactive sustainability management strategies. In general, most
businesses struggle with affording various sustainability costs, such as
aggressively priced green materials or the cost of integrating renew-
ables, implementing smarter technologies, and adapting to human-
centric practices. The COR and PME functions of blockchain address

these issues by reducing the costs of operation and improving

Business Strates - 19
and Developmé:lqt L WI LEYJ—
profitability, giving businesses the resource capabilities to implement

sustainable thinking.

5.1 | Blockchain-driven sustainability roadmap

The main objective of the present study involved developing a strategy
roadmap to elucidate the micro-mechanisms through which blockchain
technology can be leveraged to facilitate sustainable development. We
drew on ISM to identify the sequence in which the sustainability func-
tions of blockchain should be leveraged to maximize the sustainability
values of this technology synergistically. Although the ISM excels in inter-
preting the sequential relationships among elements of a system and
identifying each element's driving and dependence power, it is limited in
comparatively interpreting contextual relationships among the elements
(Sushil, 2012). To describe how the sustainability functions of blockchain
may interact and explain the functionality of each contextual relationship,
the study followed the roadmapping methodology recommended by
Ghobakhloo et al. (2022) and developed the strategy roadmap for
blockchain-driven sustainability as Figure 5. In the present work, the pur-
pose of strategy roadmapping is to outline the sustainability vision of
blockchain and explain how this vision can be truly realized by mapping
the sustainability functions of this technology and understanding the
interactions and complementarities among the functions. This roadmap
can offer the sustainability stakeholders, from companies and suppliers to
customers and social actors, a synoptic yet detailed overview of how the
15 sustainability functions should be leveraged sequentially to realize the

contribution of blockchain to sustainability synergistically.
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FIGURE 5

The interpretive strategy roadmap of blockchain-enabled sustainability.
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The functions presented in this roadmap represent the 15 func-
tions identified within the content-centric synthesis of the literature.
Placement levels for functions and their contextual relationships in
Figure 5 correspond to the ISM results, whereas their causality role
corresponds to the results of MICMAC analysis. The most important
objective of this roadmap is to answer the ‘how’ questions while inter-
preting the causal relationships. In other words, this roadmap strives to
explain how a given function can impact or be impacted by other func-
tions and how it can contribute to various aspects of sustainable devel-
opment. Due to the complexity of this roadmap, the interactions
visualized in Figure 5 are described in Table A1, Appendix A. For exam-
ple, referring to Figure 5 and Table A1, Appendix A, the MAA — BPC
relationship implies that the automation (MAA) function of blockchain
would enable the business collaboration (BPC) function via enhancing
the status awareness and engagement of collaborators concerning
shared projects, simplifying interactions among employees across vari-
ous functional departments, and eliminating repetitive tasks from col-
laboration responsibilities.

The roadmap further outlines that each sustainability function of
the blockchain can only boost certain aspects of sustainable develop-
ment. For example, RIS excels at streamlining sustainability perfor-
mance management and improving product life cycle management.
Alternatively, VCM mainly promotes the economic part of sustainabil-
ity, for example, via optimizing intralogistics and lowering overhead
costs. This finding implies that all sustainability functions of block-
chain are essential since they complement each other in boosting sus-

tainable development.

6 | CONCLUSION

The application of blockchain technology in the business environment
is in its embryonic stage. However, scholars believe that blockchain
can offer invaluable opportunities for promoting economic, environ-
mental, and social pillars of sustainability. Despite recent advance-
ments in understanding the sustainability implications of blockchain,
the mechanism through which distributed ledger technology delivers
sustainability values is largely unknown. The present study attempted
to address this knowledge gap by developing an interpretive strategy
roadmap of blockchain-enabled sustainability that details such an
underlying mechanism. The study conducted a content-centric litera-
ture review and identified 15 functions through which blockchain
contributes to sustainability. The study further applied the ISM tech-
nigue to understand how these sustainability functions interact while
delivering the sustainability value of blockchain technology within the
business environment. The findings are believed to offer notable

implications for research and practice.

6.1 | Contributions to theory and practice

The study contributes to theory by providing a comprehensive frame-

work for understanding the intricate mechanisms through which

blockchain technology can enhance sustainable development. The
research elucidates how blockchain can foster sustainability by creat-
ing distributed and decentralized decision systems across supply
chains, thus promoting equitable access to shared value. This aligns
with the idea that the decentralization feature of blockchain acts as a
basis for democratic principles in supply chains. Through functions
such as MAA and RCI, blockchain further advances sustainability by
enhancing traceability, resource planning, and overall supply chain
operations.

The study underscores the critical role of transparency enhance-
ment, which allows for monitoring socio-environmental impacts and
early detection of bottlenecks in supply chains. Such transparency is
essential for sustainable collaboration and shared value creation.
Business partner collaboration leverages smart contracting and data
immutability features of blockchain to eliminate deviations from col-
laborative efforts, particularly in addressing sustainability challenges.
This collaboration streamlines supply chain processes, enabling RCI
and VCO.

Notably, the study outlines the functions of blockchain that are
essential for sustainability, including CPR, resource consumption effi-
ciency, COR, POR, and PME. These functions address resource inten-
sity concerns and offer businesses the capabilities to implement
sustainable practices effectively. The study's insights are valuable for
understanding how various sustainability functions of blockchain can
interact and contribute to sustainable development. The developed
roadmap provides a synoptic yet detailed overview of how these
functions should be sequentially leveraged to maximize their synergis-
tic impact on sustainability. This roadmap serves as a valuable
resource for sustainability stakeholders, offering a clear understanding
of the causal relationships among the functions and how they can be
utilized to promote various aspects of sustainable development. It
highlights the interdependence of these functions, emphasizing their
complementarity in advancing sustainability.

The study also offers notable implications for practice. Findings
revealed that blockchain allows industrial supply chains to significantly
boost economic, environmental, and even social sustainability perfor-
mance. Nonetheless, blockchain delivers these values through an
incredibly complex mechanism, and contemporary supply chains must
have the ability to identify this mechanism and strategically capitalize
on its underlying sustainability functions. Blockchain delivers sustain-
ability values through a specific sequential order. Indeed, the prece-
dence relationships identified within the 15 sustainability functions of
blockchain signal such a complex order. Accordingly, industrial value
chains should capitalize on blockchain's unique features to first achieve
STD and modularity by distributing decision-making controls to the
supply chain micro-nodes. This blockchain function would allow supply
chains to promote the automation of manufacturing nodes under the
smart factory concept and further achieve RIS vertically and horizon-
tally. Under such circumstances, blockchain can effectively deliver the
supply chain traceability and transparency functions, which in turn
streamline value chain monitoring. These driver functions of the block-
chain (STD, MAA, RIS, TAE, TPE, and VCM) may not directly relate to
sustainability performance. Nevertheless, they are indispensable to
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sustainability, given that they enable critical functions that can directly
translate to the improved sustainability performance of supply chains.

Indeed, the driver functions of blockchain promote trust-based
responsible supplier collaboration and customer relationship manage-
ment. By doing so, blockchain allows business partners to collaborate
on optimizing supply chain operations closely and incorporate circular-
ity in the supply chain strategies. Through these functions, supply
partners can better utilize blockchain features to achieve resource
consumption efficiency and pollution prevention across various oper-
ations and better communicate their sustainability reputation through
blockchain-enabled openness and transparency.

Findings also explain that blockchain can provide supply partners
with substantial COR and profitability opportunities. Nonetheless,
these are the least accessible benefits of blockchain. Businesses
should have the necessary competencies to use blockchain features
to capitalize on enabling functions that are prerequisites for
blockchain-enabled COR and profitability. Interestingly, this finding
shows that blockchain plays a unique role in promoting economic and
socio-environmental aspects of sustainability across industrial supply
chains. Ching et al. (2022) recently studied the contribution of Indus-
try 4.0 technologies (e.g., additive manufacturing, lloT, autonomous
robots) to sustainable manufacturing and revealed that these technol-
ogies first deliver the manufacturing-economic aspect of sustainability
through reducing manufacturing costs and improving profit margin.
Interestingly, Ching et al. (2022) showed that socio-environmental
outcomes such as emission reduction or employment opportunity
development are the least accessible and hard-to-develop contribu-
tions of these technologies. Thus, Industry 4.0 is mainly known as a
productivity/profit-driven phenomenon. In contrast, the present
research revealed that blockchain primarily prioritizes addressing
socio-environmental concerns such as equitable distribution of
wealth, circularity, renewables, and pollution prevention. This obser-
vation does not necessarily denote blockchain's inability to promote
economic productivity and profitability. Instead, it shows that block-
chain takes a more counter-intuitive and equitable approach to gener-
ate value, mainly through reframing the value-creating landscape and
addressing the long-lasting sustainability problems such as unequal
wealth distribution, inefficiencies, and waste.

The present study and the current understanding of blockchain-
sustainability interactions can be extended by future research in sev-
eral ways. The present study held an optimistic perspective while
mapping the contributions of blockchain to sustainability. Nonethe-
less, integrating blockchain into business operations is knowledge and
resource-intensive. Since most typical supply chains and smaller busi-
nesses may not have the necessary resources to invest in blockchain,
industry leaders might capitalize on blockchain to reinvent their busi-
ness models and monopolize the means of value-creating. More
importantly, using blockchain in the supply chain management context
is challenged by numerous issues, such as interoperability concerns,
lack of industry-wide standardization, or legal hurdles. Future studies
are invited to address these concerns and identify strategies that
allow businesses to position themselves strategically to capitalize on

blockchain efficiently and equitably.

e Wi Y- >

Blockchain closely interacts with other technological constituents
of Industry 4.0, such as loT, cloud computing, and Al, to deliver the
sustainability functions identified. For example, experts believe block-
chain can resolve the explainable Al challenge by increasing trust in
data integrity and security. Alternatively, Al models can be integrated
into blockchain-based smart contracts to expedite and optimize logis-
tics operations such as reordering or payment execution. While
acknowledging the mutual dependability of blockchain and other
modern digital technologies, the present study could not conceivably
explain these possible interactions while identifying blockchain sus-
tainability functions. Thus, future studies are invited to explore how
blockchain can integrate with modern disruptive technological innova-
tions to offer new and more efficient ways of promoting sustainable

development.

6.2 | Limitations and future directions

The strategic roadmap presented in this study offers a compelling pic-
ture of a holistic but idealistic scenario where blockchain technology,
when governed effectively at the firm and supply chain levels,
becomes a formidable driver for promoting a multitude of sustainabil-
ity values. It envisions a world where blockchain serves as a catalyst
for improving corporate productivity and profitability without
compromising essential environmental and social values. While this
vision is undoubtedly captivating, it is essential to acknowledge the
multifaceted challenges and limitations that exist, constraining
the seamless integration of blockchain into business operations
aligned with sustainability.

In the scenario depicted in this study, blockchain operates as a
transformative force with the potential to enhance various aspects of
corporate and supply chain sustainability. For example, blockchain's
immutable ledger can ensure transparency, allowing stakeholders to
trace the provenance of products, and ensuring ethical sourcing and
production. Through smart contracts and automated processes, block-
chain can streamline operations, reducing waste and inefficiencies.
Blockchain can further foster trust by enabling consumers to trace
product journeys and make informed ethical choices.

However, the real-world implementation of blockchain for sus-
tainability faces significant challenges. Notably, blockchain must
seamlessly integrate with existing systems, which can be complex in
organizations using diverse technologies. This challenge is magnified
when extending integration to external partners and suppliers with
their own systems. Blockchain's transparency and immutability fea-
tures may challenge data privacy and security, especially when storing
sensitive information. Under such circumstances, the evolving regula-
tory landscape presents a significant hurdle. Differing regulations
across jurisdictions add layers of complexity, making compliance diffi-
cult. Alternatively, energy-intensive consensus mechanisms in some
blockchain networks pose environmental concerns, as high energy
consumption conflicts with sustainability goals. In the same vein, the
efficiency gains achieved by blockchain may lead to increased energy

consumption due to additional transactions, potentially offsetting
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sustainability benefits. More importantly, the scarcity of blockchain
expertise within organizations presents a multifaceted challenge, pri-
marily rooted in the complexity of blockchain technology, the lack of
in-house talent, soaring demand for blockchain professionals, the
rapid evolution of the field, integration complexities, security and risk
management considerations, and the strategic nature of blockchain
decisions. The implications of this shortage range from suboptimal
implementations and security vulnerabilities to strategic misalignment.

While academic literature has recognized the obstacles and limi-
tations hindering the smooth integration of blockchain technology
into corporate and supply chain sustainability, a significant gap exists
in our practical understanding of how various blockchain stakeholders,
such as businesses, consumers, technology developers, and govern-
ment entities, can pragmatically overcome these challenges. Although
scholars have thoroughly discussed the difficulties and complexities,
there has been insufficient focus on real-world solutions. This gap
highlights the crucial need for practical and effective approaches to
unlock blockchain's untapped potential in promoting sustainability
within business and supply chain operations. Future research should
prioritize addressing these significant knowledge gaps and tackling
the intricate challenges impeding the smooth integration of block-
chain technology in corporate and supply chain operations. These
endeavors should encompass empirical investigations and compre-
hensive case studies aimed at extracting practical solutions from suc-
cessful real-world implementations. Encouraging cross-sector
collaboration among academia, industry, government, and non-
governmental organizations is essential to leverage multidisciplinary
expertise. It is imperative to delve into the evolving regulatory land-
scape and its implications for sustainability objectives. Furthermore,
research on skill development, training, eco-friendly blockchain prac-
tices, inclusive governance models, knowledge-sharing platforms, and
longitudinal studies can offer actionable insights. Embracing these
research directions will enable a collective effort to confront
these challenges and pave the way for a more sustainable and inclu-
sive future within the realm of blockchain technology.

On the final note and concerning the possible limitation of the
study, the small size of the expert group in our study presents a
potential limitation that future research endeavors could address by
purposefully including experts from various backgrounds and fields of
expertise. Such an approach has the potential to enhance the general-
izability and dependability of insights into the topic.

AUTHOR CONTRIBUTIONS

Morteza Ghobakhloo: Conceptualization, Funding Acquisition, Investiga-
tion, Methodology, Project Administration, Visualization, Writing -
Original Draft Preparation, Writing - Review & Editing. Mohammad
Iranmanesh: Conceptualization, Formal Analysis, Project Administration,
Supervision, Writing - Original Draft Preparation, Writing - Review &
Editing. Muhammad Shujaat Mubarik: Conceptualization, Visualization,
Writing - Original Draft Preparation, Writing - Review & Editing.
Muhammad Faraz Mubarak: Conceptualization, Investigation, Adminis-
tration, Supervision, Visualization, Writing - Original Draft Preparation.

Azlan Amran: Investigation, Project Administration, Supervision,

Validation, Writing - Original Draft Preparation. Ahmad A. A. Khanfar:
Methodology, Visualization, Writing - Original Draft Preparation,
Writing - Review & Editing.

ACKNOWLEDGMENTS

This research has been a part of a project that received funding from
the European Union's Horizon 2020 research and innovation pro-
gramme under grant agreement No 810318. During the preparation
of this work, the author(s) used ChatGPT in order to proofread some
parts of the manuscript. After using this tool/service, the author(s)
reviewed and edited the content as needed and take(s) full responsi-
bility for the content of the publication.

ORCID
Morteza Ghobakhloo "2 https://orcid.org/0000-0002-9341-2690

Azlan Amran "2 https://orcid.org/0000-0002-9747-547X

REFERENCES

Agrawal, T. K., Kumar, V., Pal, R., Wang, L., & Chen, Y. (2021). Blockchain-
based framework for supply chain traceability: A case example of textile
and clothing industry. Computers & Industrial Engineering, 154, 107130.

Ajwani-Ramchandani, R., Figueira, S., Torres de Oliveira, R, & Jha, S.
(2021). Enhancing the circular and modified linear economy: The
importance of blockchain for developing economies. Resources, Con-
servation and Recycling, 168, 105468.

Ali, M. H., Chung, L., Kumar, A,, Zailani, S., & Tan, K. H. (2021). A sustainable
blockchain framework for the halal food supply chain: Lessons from
Malaysia. Technological Forecasting and Social Change, 170, 120870.

Alves, L., Ferreira Cruz, E., Lopes, S. I, Faria, P. M., & Rosado da
Cruz, A. M. (2022). Towards circular economy in the textiles and cloth-
ing value chain through blockchain technology and loT: A review.
Waste Management and Research, 40(1), 3-23.

Amjad, M. S., Rafique, M. Z., & Khan, M. A. (2021). Leveraging optimized
and cleaner production through industry 4.0. Sustainable Production
and Consumption, 26, 859-871.

Bai, C. A., Cordeiro, J., & Sarkis, J. (2020). Blockchain technology: Business,
strategy, the environment, and sustainability. Business Strategy and the
Environment, 29(1), 321-322.

Bakarich, K. M., Castonguay, J. J., & O'Brien, P. E. (2020). The use of block-
chains to enhance sustainability reporting and assurance. Accounting
Perspectives, 19(4), 389-412.

Bockel, A., Nuzum, A. K., & Weissbrod, I. (2021). Blockchain for the circular
economy: Analysis of the research-practice gap. Sustainable Production
and Consumption, 25, 525-539.

Boukis, A. (2020). Exploring the implications of blockchain technology for
brand-consumer relationships: A future research agenda. The Journal
of Product and Brand Management, 29(3), 307-320. https://doi.org/10.
1108/JPBM-03-2018-1780

Calandra, D., Secinaro, S., Massaro, M., Dal Mas, F., & Bagnoli, C. (2023).
The link between sustainable business models and blockchain: A multi-
ple case study approach. Business Strategy and the Environment, 32(4),
1403-1417. https://doi.org/10.1002/bse.3195

Centobelli, P., Cerchione, R., Vecchio, P. D., Oropallo, E., & Secundo, G.
(2022). Blockchain technology for bridging trust, traceability and trans-
parency in circular supply chain. Information & Management, 59(7),
103508. https://doi.org/10.1016/].im.2021.103508

Chaudhuri, A., Bhatia, M. S., Kayikci, Y., Fernandes, K. J., & Fosso-
Wamba, S. (2021). Improving social sustainability and reducing supply
chain risks through blockchain implementation: Role of outcome and
behavioural mechanisms. Ann. Oper. Res., 327, 401-433. https://doi.
org/10.1007/s10479-021-04307-6

85U8017 SUOWILOD 8A11E81D) 3|qeot[dde 8Ly Aq peuob ek S9pie YO ‘8sn JO S9N J0j ARIqIT8UIIUQ AB|IMW UO (SUOTIPUOD-PUB-SWBH 00" A8 1M Afeq 18U [U0//SANY) SUONIPUOD pue SWie | 8U18esS *[£202Z/TT/62] Uo ARiqiTauljuo (1M ‘UOSIAOIG BpeueD 8URIYO0D AQ 6TE ZPSA/Z00T OT/10p/Woo" A3 1m A g 1 pul|uoy/Sdny woij papeojumod ‘0 ‘0LTEZ.SE


https://orcid.org/0000-0002-9341-2690
https://orcid.org/0000-0002-9341-2690
https://orcid.org/0000-0002-9747-547X
https://orcid.org/0000-0002-9747-547X
https://doi.org/10.1108/JPBM-03-2018-1780
https://doi.org/10.1108/JPBM-03-2018-1780
https://doi.org/10.1002/bse.3195
https://doi.org/10.1016/j.im.2021.103508
https://doi.org/10.1007/s10479-021-04307-6
https://doi.org/10.1007/s10479-021-04307-6

GHOBAKHLOO ET AL.

Chavez, M. M. M., Sarache, W., & Costa, Y. (2018). Towards a comprehen-
sive model of a biofuel supply chain optimization from coffee crop res-
idues. Transportation Research Part E: Logistics and Transportation
Review, 116, 136-162.

Chen, Y. (2023). How blockchain adoption affects supply chain sustainabil-
ity in the fashion industry: A systematic review and case studies. Inter-
national Transactions in Operational Research, ahead of print. https://
doi.org/10.1111/itor.13273

Ching, N. T., Ghobakhloo, M., Iranmanesh, M., Maroufkhani, P., & Asadi, S.
(2022). Industry 4.0 applications for sustainable manufacturing: A sys-
tematic literature review and a roadmap to sustainable development.
Journal of Cleaner Production, 334, 130133.

Corréa Tavares, E., Meirelles, F. D. S., Tavares, E. C., Cunha, M. A, &
Schunk, L. M. (2021). Blockchain in the Amazon: Creating public value
and promoting sustainability. Information Technology for Development,
27(3), 579-598.

Dal Mas, F., Massaro, M., Ndou, V., & Raguseo, E. (2023). Blockchain tech-
nologies for sustainability in the agrifood sector: A literature review of
academic research and business perspectives. Technological Forecasting
and Social Change, 187, 122155. https://doi.org/10.1016/j.techfore.
2022.122155

De Giovanni, P. (2020). Blockchain and smart contracts in supply chain
management: A game theoretic model. International Journal of Produc-
tion Economics, 228, 107855.

de Villiers, C., Kuruppu, S., & Dissanayake, D. (2021). A (new) role for
business - Promoting the United Nations' sustainable development
goals through the internet-of-things and blockchain technology. Jour-
nal of Business Research, 131, 598-609.

Di Vaio, A., & Varriale, L. (2020). Blockchain technology in supply chain
management for sustainable performance: Evidence from the airport
industry. International Journal of Information Management, 52, 102014.

Diaz Lopez, F. J., Bastein, T., & Tukker, A. (2019). Business model innova-
tion for resource-efficiency, circularity and cleaner production: What
143 cases tell us. Ecological Economics, 155, 20-35.

Dutra, A., Tumasjan, A., & Welpe, I. M. (2018). Blockchain is changing how
media and entertainment companies compete. MIT Sloan Management
Review, 60(1), 39-45.

Elleuch, B., Bouhamed, F., Elloussaief, M., & Jaghbir, M. (2018). Environ-
mental sustainability and pollution prevention. Environmental Science
and Pollution Research, 25(19), 18223-18225.

Erol, I., Murat Ar, |., Peker, I., & Searcy, C. (2022). Alleviating the impact of
the barriers to circular economy adoption through blockchain: An
investigation using an integrated MCDM-based QFD with hesitant
fuzzy linguistic term sets. Computers and Industrial Engineering, 165,
107962.

Esmaeilian, B., Sarkis, J., Lewis, K., & Behdad, S. (2020). Blockchain for the
future of sustainable supply chain management in industry 4.0.
Resources, Conservation and Recycling, 163, 105064.

Friedman, N., & Ormiston, J. (2022). Blockchain as a sustainability-oriented
innovation?: Opportunities for and resistance to blockchain technol-
ogy as a driver of sustainability in global food supply chains. Technolog-
ical Forecasting and Social Change, 175, 121403.

Gardner, T. A, Benzie, M., Borner, J., Dawkins, E., Fick, S., Garrett, R,, ...
Larsen, R. K. (2019). Transparency and sustainability in global com-
modity supply chains. World Development, 121, 163-177.

Ghimire, T., Joshi, A., Sen, S., Kapruan, C., Chadha, U., & Selvaraj, S. K.
(2021). Blockchain in additive manufacturing processes: Recent
trends & its future possibilities. Materials Today Proceedings, 50(5),
2170-2180.

Ghobakhloo, M., & Fathi, M. (2021). Industry 4.0 and opportunities for
energy sustainability. Journal of Cleaner Production, 295, 126427.

Ghobakhloo, M., Fathi, M., Iranmanesh, M., Maroufkhani, P., &
Morales, M. E. (2021). Industry 4.0 ten years on: A bibliometric and
systematic review of concepts, sustainability value drivers, and success
determinants. Journal of Cleaner Production, 302, 127052.

Business Strat . 23
EET W1 LEY-L 2

Ghobakhloo, M., & Iranmanesh, M. (2021). Digital transformation success
under industry 4.0: A strategic guideline for manufacturing SMEs. Jour-
nal of Manufacturing Technology Management, 32(8), 1533-1556.

Ghobakhloo, M., Iranmanesh, M., Grybauskas, A., Vilkas, M., & Petrait¢, M.
(2021). Industry 4.0, innovation, and sustainable development: A sys-
tematic review and a roadmap to sustainable innovation. Business
Strategy and the Environment, 30(8), 4237-4257.

Ghobakhloo, M., Iranmanesh, M., Mubarak, M. F., Mubarik, M., Rejeb, A., &
Nilashi, M. (2022). Identifying industry 5.0 contributions to sustainable
development: A strategy roadmap for delivering sustainability values.
Sustainable Production and Consumption, 33, 716-737.

Gomez-Trujillo, A. M., Velez-Ocampo, J., & Gonzalez-Perez, M. A. (2020).
A literature review on the causality between sustainability and corpo-
rate reputation. Management of Environmental Quality, 31(2), 406-430.

Gong, Y., Wang, Y., Frei, R, Wang, B., & Zhao, C. (2022). Blockchain appli-
cation in circular marine plastic debris management. Industrial Market-
ing Management, 102, 164-176.

Guo, S., Sun, X., & Lam, H. K. S. (2020). Applications of blockchain Tech-
nology in Sustainable Fashion Supply Chains: Operational transpar-
ency and environmental efforts. IEEE Transactions on Engineering
Management, 70, 1312-1328. https://doi.org/10.1109/TEM.2020.
3034216

Hald, K. S., & Kinra, A. (2019). How the blockchain enables and constrains
supply chain performance. International Journal of Physical Distribution
and Logistics Management, 49(4), 376-397.

Hastig, G. M., & Sodhi, M. S. (2020). Blockchain for supply chain traceabil-
ity: Business requirements and critical success factors. Production and
Operations Management, 29(4), 935-954.

Helo, P., & Shamsuzzoha, A. H. M. (2020). Real-time supply chain—A
blockchain architecture for project deliveries. Robotics and Computer-
Integrated Manufacturing, 63, 101909.

Hertzum, M. (2014). Expertise seeking: A review. Information Processing &
Management, 50(5), 775-795.

Ho, G, Tang, Y. M,, Tsang, K. Y., Tang, V., & Chau, K. Y. (2021). A
blockchain-based system to enhance aircraft parts traceability and
trackability for inventory management. Expert Systems with Applica-
tions, 179, 115101.

Howson, P. (2020). Building trust and equity in marine conservation and
fisheries supply chain management with blockchain. Marine Policy,
115, 103873.

Jiang, Y., & Zheng, W. (2021). Coupling mechanism of green building
industry innovation ecosystem based on blockchain smart city. Journal
of Cleaner Production, 307, 126766.

Junior, C. A. R,, Sanseverino, E. R., Gallo, P., Koch, D., Schweiger, H.-G., &
Zanin, H. (2022). Blockchain review for battery supply chain monitor-
ing and battery trading. Renewable and Sustainable Energy Reviews,
157,112078.

Khan, S. A. R., Godil, D. 1., Jabbour, C. J. C, Shujaat, S., Razzaq, A., & Yu, Z.
(2021). Green data analytics, blockchain technology for sustainable
development, and sustainable supply chain practices: Evidence from
small and medium enterprises. Ann. Oper. Res. https://doi.org/10.
1007/510479-021-04275-x

Khan, S. A. R,, Razzaq, A., Yu, Z., & Miller, S. (2021). Industry 4.0 and circular
economy practices: A new era business strategies for environmental
sustainability. Business Strategy and the Environment, 30(8), 4001-4014.

Khanfar, A. A. A, Iranmanesh, M., Ghobakhloo, M., Senali, M. G., &
Fathi, M. (2021). Applications of blockchain technology in sustainable
manufacturing and supply chain management: A systematic review.
Sustainability, 13(14), 7870.

Kleinknecht, L. A. (2021). Can blockchain capabilities contribute to sustain-
able supply chain governance. IEEE Engineering Management Review,
49, 150-154. https://doi.org/10.1109/EMR.2021.3123205

Koh, L., Dolgui, A., & Sarkis, J. (2020). Blockchain in transport and
logistics - Paradigms and transitions. International Journal of Production
Research, 58(7), 2054-2062.

85U8017 SUOWILOD 8A11E81D) 3|qeot[dde 8Ly Aq peuob ek S9pie YO ‘8sn JO S9N J0j ARIqIT8UIIUQ AB|IMW UO (SUOTIPUOD-PUB-SWBH 00" A8 1M Afeq 18U [U0//SANY) SUONIPUOD pue SWie | 8U18esS *[£202Z/TT/62] Uo ARiqiTauljuo (1M ‘UOSIAOIG BpeueD 8URIYO0D AQ 6TE ZPSA/Z00T OT/10p/Woo" A3 1m A g 1 pul|uoy/Sdny woij papeojumod ‘0 ‘0LTEZ.SE


https://doi.org/10.1111/itor.13273
https://doi.org/10.1111/itor.13273
https://doi.org/10.1016/j.techfore.2022.122155
https://doi.org/10.1016/j.techfore.2022.122155
https://doi.org/10.1109/TEM.2020.3034216
https://doi.org/10.1109/TEM.2020.3034216
https://doi.org/10.1007/s10479-021-04275-x
https://doi.org/10.1007/s10479-021-04275-x
https://doi.org/10.1109/EMR.2021.3123205

GHOBAKHLOO ET AL.

24 Business Strat 4
=L wiLey- i

Kouhizadeh, M., Zhu, Q., & Sarkis, J. (2020). Blockchain and the circular
economy: Potential tensions and critical reflections from practice. Pro-
duction Planning and Control, 31(11-12), 950-966.

Kshetri, N. (2021). Blockchain and sustainable supply chain management
in developing countries. International Journal of Information Manage-
ment, 60, 102376.

Kumar, P., Singh, R. K., & Kumar, V. (2021). Managing supply chains for
sustainable operations in the era of industry 4.0 and circular economy:
Analysis of barriers. Resources, Conservation and Recycling, 164,
105215.

Kusi-Sarpong, S., Mubarik, M. S., Khan, S. A,, Brown, S., & Mubarak, M. F.
(2022). Intellectual capital, blockchain-driven supply chain and sustain-
able production: Role of supply chain mapping. Technological Forecast-
ing and Social Change, 175, 121331.

Lee, J., Azamfar, M., & Singh, J. (2019). A blockchain enabled cyber-
physical system architecture for industry 4.0 manufacturing systems.
Manufacturing Letters, 20, 34-39.

Leng, J., Ruan, G., Jiang, P., Xu, K., Liu, Q., Zhou, X., & Liu, C. (2020). Block-
chain-empowered sustainable manufacturing and product lifecycle
management in industry 4.0: A survey. Renewable and Sustainable
Energy Reviews, 132, 110112.

Li, C. Z,, Chen, Z., Xue, F., Kong, X. T, Xiao, B., Lai, X., & Zhao, Y. (2021). A
blockchain-and loT-based smart product-service system for the sus-
tainability of prefabricated housing construction. Journal of Cleaner
Production, 286, 125391.

Li, Z., Barenji, A. V., & Huang, G. Q. (2018). Toward a blockchain cloud
manufacturing system as a peer to peer distributed network platform.
Robotics and Computer-Integrated Manufacturing, 54, 133-144.

Li, Z., Guo, H., Barenji, A. V., Wang, W. M., Guan, Y., & Huang, G. Q.
(2020). A sustainable production capability evaluation mechanism
based on blockchain, LSTM, analytic hierarchy process for supply chain
network. International Journal of Production Research, 58(24), 7399-
7419.

Lumineau, F., Wang, W., Schilke, O., & Huang, L. (2021). How blockchain
can simplify partnerships. Harvard Business Review. https://hbr.org/
2021/04/how-blockchain-can-simplify-partnerships

Mahyuni, L. P., Adrian, R., Darma, G. S., Krisnawijaya, N. N. K., Dewi, I. G.
A. A. P., & Permana, G. P. L. (2020). Mapping the potentials of block-
chain in improving supply chain performance. Cogent Business & Man-
agement, 7(1), 1788329.

Mubarik, M., Raja Mohd Rasi, R. Z., Mubarak, M. F., & Ashraf, R. (2021).
Impact of blockchain technology on green supply chain practices: Evi-
dence from emerging economy. Management of Environmental Quality,
32(5), 1023-1039.

Mukherjee, A. A., Singh, R. K., Mishra, R., & Bag, S. (2021). Application of
blockchain technology for sustainability development in agricultural
supply chain: Justification framework. Operations Management
Research, 15, 46-61. https://doi.org/10.1007/s12063-021-00180-5

Najjar, M., Alsurakiji, I. H., EI-Qanni, A., & Nour, A. I. (2023). The role of
blockchain technology in the integration of sustainability practices
across multi-tier supply networks: Implications and potential complexi-
ties. Journal of Sustainable Finance & Investment, 13(1), 744-762.
https://doi.org/10.1080/20430795.2022.2030663

Nandi, S., Sarkis, J., Hervani, A. A., & Helms, M. M. (2021). Redesigning
supply chains using blockchain-enabled circular economy and
COVID-19 experiences. Sustainable Production and Consumption, 27,
10-22.

Nayal, K., Raut, R. D., Narkhede, B. E., Priyadarshinee, P., Panchal, G. B., &
Gedam, V. V. (2021). Antecedents for blockchain technology-enabled
sustainable agriculture supply chain. Ann. Oper. Res., 327, 293-337.
https://doi.org/10.1007/s10479-021-04423-3

Parmentola, A., Petrillo, A., Tutore, |., & De Felice, F. (2022). Is blockchain
able to enhance environmental sustainability? A systematic review and
research agenda from the perspective of sustainable development
goals (SDGs). Business Strategy and the Environment, 31(1), 194-217.

Paul, T., Mondal, S., Islam, N., & Rakshit, S. (2021). The impact of block-
chain technology on the tea supply chain and its sustainable perfor-
mance. Technological Forecasting and Social Change, 173, 121163.

Quintana-Garcia, C., Benavides-Chicén, C. G., & Marchante-Lara, M.
(2021). Does a green supply chain improve corporate reputation?
Empirical evidence from European manufacturing sectors. Industrial
Marketing Management, 92, 344-353.

Rana, R. L, Tricase, C., & De Cesare, L. (2021). Blockchain technology for a sus-
tainable Agri-food supply chain. British Food Journal, 123(11), 3471-3485.

Rane, S. B., & Thakker, S. V. (2020). Green procurement process model
based on blockchain-loT integrated architecture for a sustainable
business. Management of Environmental Quality, 31(3), 741-763.

Saberi, S., Kouhizadeh, M., Sarkis, J., & Shen, L. (2019). Blockchain technol-
ogy and its relationships to sustainable supply chain management.
International Journal of Production Research, 57(7), 2117-2135.

Schinckus, C. (2020). The good, the bad and the ugly: An overview of the
sustainability of blockchain technology. Energy Research & Social Sci-
ence, 69, 101614.

Schmidt, C. G., & Wagner, S. M. (2019). Blockchain and supply chain rela-
tions: A transaction cost theory perspective. Journal of Purchasing and
Supply Management, 25(4), 100552.

Senou, R. B., Dégila, J., Adjobo, E. C., & Djossou, A. P. M. (2019). Block-
chain for child labour decrease in cocoa production in west and Cen-
tral Africa. IFAC-PapersOnlLine, 52(13), 2710-2715.

Shabani, N., Akhtari, S., & Sowlati, T. (2013). Value chain optimization of
forest biomass for bioenergy production: A review. Renewable and Sus-
tainable Energy Reviews, 23, 299-311.

Sim, J., & Kim, B. (2021). Regulatory versus consumer pressure and retailer
responsibility for upstream pollution in a supply chain. Omega, 101,
102250.

Sislian, L., & Jaegler, A. (2022). Linkage of blockchain to enterprise resource
planning systems for improving sustainable performance. Business Strat-
egy and the Environment, 31(3), 737-750. https://doi.org/10.1002/bse.
2914

Sushil. (2012). Interpreting the interpretive structural model. Global Journal
of Flexible Systems Management, 13(2), 87-106. https://doi.org/10.
1007/s40171-012-0008-3

Tabelin, C. B., Park, |, Phengsaart, T., Jeon, S., Villacorte-Tabelin, M.,
Alonzo, D., ... Hiroyoshi, N. (2021). Copper and critical metals produc-
tion from porphyry ores and E-wastes: A review of resource availability,
processing/recycling challenges, socio-environmental aspects, and sus-
tainability issues. Resources, Conservation and Recycling, 170, 105610.

Tiscini, R., Testarmata, S., Ciaburri, M., & Ferrari, E. (2020). The blockchain
as a sustainable business model innovation. Management Decision,
58(8), 1621-1642.

Tiwari, K., & Khan, M. S. (2020). Sustainability accounting and reporting in
the industry 4.0. Journal of Cleaner Production, 258, 120783.

Tomlinson, B., Boberg, J., Cranefield, J., Johnstone, D., Luczak-Roesch, M.,
Patterson, D. J., & Kapoor, S. (2021). Analyzing the sustainability of
28 ‘Blockchain for Good’ projects via affordances and constraints.
Information Technology for Development, 27(3), 439-469.

Tosh, D., Shetty, S., Liang, X., Kamhoua, C., & Njilla, L. L. (2019). Data prov-
enance in the cloud: A blockchain-based approach. IEEE Consumer
Electronics Magazine, 8(4), 38-44.

Tsao, Y.-C., & Thanh, V.-V. (2021). Toward blockchain-based renewable
energy microgrid design considering default risk and demand uncer-
tainty. Renewable Energy, 163, 870-881.

Upadhyay, A., Mukhuty, S., Kumar, V., & Kazancoglu, Y. (2021). Blockchain
technology and the circular economy: Implications for sustainability
and social responsibility. Journal of Cleaner Production, 293, 126130.

Venkatesh, V., Kang, K., Wang, B., Zhong, R. Y., & Zhang, A. (2020). System
architecture for blockchain based transparency of supply chain social sus-
tainability. Robotics and Computer-Integrated Manufacturing, 63, 101896.

Wamba, S. F., Queiroz, M. M., & Trinchera, L. (2020). Dynamics between
blockchain adoption determinants and supply chain performance: An

85U8017 SUOWILOD 8A11E81D) 3|qeot[dde 8Ly Aq peuob ek S9pie YO ‘8sn JO S9N J0j ARIqIT8UIIUQ AB|IMW UO (SUOTIPUOD-PUB-SWBH 00" A8 1M Afeq 18U [U0//SANY) SUONIPUOD pue SWie | 8U18esS *[£202Z/TT/62] Uo ARiqiTauljuo (1M ‘UOSIAOIG BpeueD 8URIYO0D AQ 6TE ZPSA/Z00T OT/10p/Woo" A3 1m A g 1 pul|uoy/Sdny woij papeojumod ‘0 ‘0LTEZ.SE


https://hbr.org/2021/04/how-blockchain-can-simplify-partnerships
https://hbr.org/2021/04/how-blockchain-can-simplify-partnerships
https://doi.org/10.1007/s12063-021-00180-5
https://doi.org/10.1080/20430795.2022.2030663
https://doi.org/10.1007/s10479-021-04423-3
https://doi.org/10.1002/bse.2914
https://doi.org/10.1002/bse.2914
https://doi.org/10.1007/s40171-012-0008-3
https://doi.org/10.1007/s40171-012-0008-3

GHOBAKHLOO ET AL.

empirical investigation. International Journal of Production Economics,
229, 107791. https://doi.org/10.1016/j.ijpe.2020.107791

Wang, B., Wang, P., & Tu, Y. (2021). Customer satisfaction service match
and service quality-based blockchain cloud manufacturing. Interna-
tional Journal of Production Economics, 240, 108220.

Wang, M., Wang, B., & Abareshi, A. (2020). Blockchain technology and its
role in enhancing supply chain integration capability and reducing car-
bon emission: A conceptual framework. Sustainability, 12(24), 10550.

Watson, R. T., & Webster, J. (2020). Analysing the past to prepare for the
future: Writing a literature review a roadmap for release 2.0. Journal of
Decision Systems, 29(3), 129-147.

Webster, J., & Watson, R. T. (2002). Analyzing the past to prepare for the
future: Writing a literature review. MIS Quarterly, 26(2), xiii-xxiii.

Yadav, G., Kumar, A., Luthra, S., Garza-Reyes, J. A., Kumar, V., & Batista, L.
(2020). A framework to achieve sustainability in manufacturing organi-
sations of developing economies using industry 4.0 technologies'
enablers. Computers in Industry, 122, 103280.

Yadav, S., Luthra, S., & Garg, D. (2021). Modelling internet of things (loT)-
driven global sustainability in multi-tier Agri-food supply chain under
natural epidemic outbreaks. Environmental Science and Pollution
Research, 28(13), 16633-16654.

Business Strat E 25
I WiLEY- | =

Yadav, S., & Singh, S. P. (2020). Blockchain critical success factors for sustain-
able supply chain. Resources, Conservation and Recycling, 152, 104505.
Zuo, Y. (2021). Making smart manufacturing smarter-a survey on block-
chain technology in industry 4.0. Enterprise Information Systems,
15(10), 1323-1353.

Zutshi, A., Grilo, A., & Nodehi, T. (2021). The value proposition of block-
chain technologies and its impact on digital platforms. Computers &
Industrial Engineering, 155, 107187.

How to cite this article: Ghobakhloo, M., [ranmanesh, M.,
Mubarik, M. S., Mubarak, M. F., Amran, A., & Khanfar, A. A. A.
(2023). Blockchain technology as an enabler for sustainable
business ecosystems: A comprehensive roadmap for
socioenvironmental and economic sustainability. Business
Strategy & Development, 1-28. https://doi.org/10.1002/
bsd2.319

85U8017 SUOWILOD 8A11E81D) 3|qeot[dde 8Ly Aq peuob ek S9pie YO ‘8sn JO S9N J0j ARIqIT8UIIUQ AB|IMW UO (SUOTIPUOD-PUB-SWBH 00" A8 1M Afeq 18U [U0//SANY) SUONIPUOD pue SWie | 8U18esS *[£202Z/TT/62] Uo ARiqiTauljuo (1M ‘UOSIAOIG BpeueD 8URIYO0D AQ 6TE ZPSA/Z00T OT/10p/Woo" A3 1m A g 1 pul|uoy/Sdny woij papeojumod ‘0 ‘0LTEZ.SE


https://doi.org/10.1016/j.ijpe.2020.107791
https://doi.org/10.1002/bsd2.319
https://doi.org/10.1002/bsd2.319

26 Business Strat d GHOBAKHLOO T L.
% | wiLEy- B

APPENDIX A

TABLE A1l

Contextual
relationship

Interpretive logic-knowledge base matrix for sustainability functions of blockchain.

Enabling role

Structural decentralization (STD)

STD — MAA

STD — RIS
STD — RCI

STD — TAE

STD — TPE

STD — TRD

STD — SUD

Better process/task identification and independence for automation; improved monitoring and measurement of autonomous
tasks

Reduced complexity of seamless communication; improved interoperability of information and operations technologies

Improved decision process concerning circularity functions such as recycling, reusing, and refurbishing across the
manufacturing supply chain

Efficiency of enabling technologies such as automated identification, data capturing, and data processing tools; systemization of
record keeping and exchange

Simplified implication of transparency levers across the supply chain for closing information gaps; reduction of supply chain
functional complexity

Geographic responsiveness to regional stakeholders; faster responsiveness to events due to decentralized insights into
customers and suppliers

Improved manufacturing and supply chain resilience; workplace safety and reduced risks and accidents; improved customer
experience

Manufacturing Automation (MAA)

MAA — BPC

MAA — COR
MAA — RIS

MAA — RCE

MAA — TAE

MAA — TPE

MAA — TRD
MAA — VCM

MAA — VCO

MAA — SUS

Meaningful and simplified interactions among employees of various functional departments; improved status awareness and
engagement of collaborators concerning shared projects; removal of repetitive tasks from collaboration responsibilities

Reduced cost of quality; reduced maintenance costs; higher production output; higher manufacturing productivity

Seamless communication capability via enhancing the integrability of modern and legacy information and operations
technologies; autonomous data access request management

Automation and optimization of inventory management systems; reduction of manufacturing waste outputs; streamlining the
integration of recycled materials into the production operations; designing of modular and more resource-efficient products

Autonomously updating the contract status, production status, and material sourcing status; efficiency of traceability systems;
elimination of human errors in traceability systems; autonomous tracking of production processes, from raw material
acquisition to packaging and customer delivery

Autonomous collection of granular, security-rich, and verifiable production data across the manufacturing chain; making
workflow paperless and highly visible; early error, risk, or fraud detection

Streamlined implementation of identity verification system within the production facilities

Improved mapping and monitoring via supply-chain-wide standardization of processes, strategies, and functions; reduction of
supply chain complexity; reduction of human errors via automating manual processes

Reduction of manufacturing and product development costs; improved order fulfillment; optimal production management
decision-making; lower cost of maintenance

More efficient resource consumption; integration of renewable resources; waste prevention; more efficient recycling and
repurposing; improved product quality; improved transportation and intralogistics

Real-time Information Sharing (RIS)

RIS — BPC

RIS — MAA

RIS — RCI
RIS — TPE

RIS — TRD

RIS — VCM

RIS — VCO

RIS — SUS

Removal of information and functional silos; improved collaborative effectiveness and experience within and across businesses;
improved collaborator engagement; efficiency of collective decision processes

Seamless monitoring of automated processes, machinery, and requirements; better process integration; improved accessibility
information from software robots

Improved accessibility of critical information on circularity loops; streamlined management of asset performance and health

Effectiveness of intra and inter-organizational communications; improved accessibility of relevant information within and
across functional units

Efficiency of integrated collaboration management tools; streamlined sharing of proprietary data; Boosting cyber-security of
collaboration platforms

Streamlined identification of risks and opportunities across various production stages; more inclusive integration of supply
nodes into the monitoring tools

Improved supply chain forecasting accuracy; higher agility of supply chain decisions; more productive human resources and
talent management

Streamlined sustainability performance management; employee empowerment; improved product life cycle management
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TABLE A1 (Continued)
Contextual
relationship Enabling role
Traceability Enhancement (TAE)

TAE — CPR Product certification visibility and improved customer experience; More visibility into the socio-environmental values of
processes, products, and services

TAE — RCI Improved governance of circular trade flow regulations; improved supply chain mapping; compliance with the socio-
environmental due diligence checks

TAE — RCE Efficiency of resource and waste management decision tools such as value stream mapping; enabling renewable material
sourcing

TAE — TPE Improved disclosure of supplier information; better insights into business vulnerabilities and risk points

TAE — TRD Dynamic risk mitigation strategies via data-driven risk assessment and evaluation approaches; boosting customer trust via

minimizing the risk of tempering or intervention

TAE — VCM Improved tracking of materials, labor, final products, and resources across the value network; improved risk and weak point
recognition capability within various supplier tiers

TAE — VCO More responsive customer service; reduced customer service costs; improved customer-supplier relationship; efficiency of
outsourcing activities

TAE — SUS Emission source identification and tracking; product safety tracking and assurance; COR via preventing deadlock occurrence

Transparency Enhancement (TPE)

TPE — CPR Contribution to building a stronger brand identity; improved product reliability and dependability; higher customer loyalty

TPE — RCI Accessibility of high-level supply chain information concerning, for example, certifications or product components; Streamlined
processing of end-of-use consumer goods

TPE — TRD Improved visibility into the credibility of sustainable sourcing; improved accountability of value partners toward all stakeholders

TPE — VCM Mapping the entire supply network to have visibility into the entire supply base within various tiers; efficiency of analytic tools

in measuring and monitoring all influential supply performance metrics

TPE — SUS Improved socio-environmental accountability of organizations; more efficient sustainable practices; visibility into the
environmental impacts of products; employee empowerment

Value chain monitoring (VCM)
VCM — CPR Offering quality products and services; improving customer experience; improving the prospect of growth and innovation

VCM — POR Efficiency of waste audits across the supply chain; improved execution of waste management action plan; improved monitoring
of waste streams

VCM — RCI Better monitoring and anticipation of disruption within the circular operations; improved scalability of circularity solutions
across the supply chain

VCM — RCE Improving the internal and supply-chain-wide reuse and recycling of wastes (e.g., faulty products; repair items, materials, etc.);
better identification of potentials for resource consumption reduction points across the supply chain

VCM — TRD Reliability and dependability of performance metrics and insights; more productive post-performance audits

VCM — SUS Resource efficiency via inter and intralogistics optimization; agility-driven supply chain resilience; improved risk management;
lower overhead costs; reduction of corporate footprint

Trust development (TRD)

TRD — BPC Improved sense of safety and ownership in the collaboration environment; higher propensity to take appropriate risks in
collaboration; boosting knowledge sharing and open communication

TRD — SUS Integration and partnership for sustainability; adoption of sustainable processes and products; improved working environment;
stakeholder (e.g., customer or employee) satisfaction

Business partner collaboration (BPC)

BPC — RCI Collective development of cross-sector circular solutions; boosting circularity solutions via R&D partnership; Enhancing the
commercial viability of circular solutions; joint circularity learning; circularity financial alignment

BPC — RCE Resource efficiency via collaborative business mode, product, and process innovation; collective development and enforcement
of resource conservation policies within supply chains

BPC — VCO Accessibility of historical and current supply chain data; faster and more accurate decisions across operations life cycle

BPC — SUS Collective development of green absorptive capacity; supply chain-wide empowerment of sustainable innovation orientation;
boosting shared value concept; green product and process innovation

(Continues)
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TABLE A1 (Continued)
Contextual
relationship Enabling role
Recycling and circularity improvement (RCI)

RCI — CPR Upholding and delivering environmental sustainability values; becoming a benchmark brand for boosting sustainable
development

RCI — COR Development and an environmentally aware brand; better integration of sustainability value into the corporate goals and
strategies
RCI — POR Hierarchization of waste for various circularity purposes (e.g., reusing or recycling); the systematic shift from desponding to

recusing across the industrial operations; development and implementation of waste reduction agenda
RCI — PME Reducing resource intensity; lowering energy costs; reducing compliance costs; higher demand for greener products

RCI — RCE Optimization of the product life cycle; recycling of various manufacturing wastes, from defects to lubricants and fluids used in
production operations; reusing of waste material and refurbishing of defective products

RCI — SUS Reduced emissions; resource productivity; prevention of environmental degradation; economic growth and profitability; job
creation; improved corporate image

Value chain optimization (VCO)

VCO — COR Reduction of reputational risks across the supply chain; the ability to deliver promises; resilience and adaptability to disorders

VCO — PME Reduction of overhead costs; optimization of supply chain costs; higher revenue due to improved order fulfillment

VCO — RCE Optimization of inter/intra logistic transportation routes; higher resource productivity via improved supply chain planning and
execution

VCO — SUS Supply chain resilience; sustainable procurement and integration of green materials; improved corporate social responsibility

across the supply network
Corporate Reputation (CPR)

CPR — POR Becoming an industry leader in addressing prevailing sustainability concerns such as climate change, environmental
degradation, or rebound effect; reputation in resiliency against supply disruptions and business turbulence

CPR — PME

CPR — RCI Attraction of circularity talents; inadvertent commitment to the circular economy; higher capital for circular solution
investments

CPR — RCE Commitment to strategies for promoting resource efficiency, such as renewable resourcing, inventory management
optimization, and formal waste management programs

CPR — SUS Higher resource availability for promoting sustainability goals; Inadvertent commitment to minimizing environmental footprint

Resource consumption efficiency (RCE)

RCE — COR Promoting a spotless brand via ethical sourcing; more immutability to supply chain disruptions

RCE — POR Reduction of raw material, energy, and chemical inputs across production processes

RCE — PME Reduction of organizational risk points; reduction of waste management costs

RCE — SUS Natural reserve preservation; emission reduction; industrial waste reduction; manufacturing resilience

Pollution Reduction and Prevention (POR)

POR — PME Reduction of pollution management costs; reduction of employee safety and health costs; reduction of costs associated with
regulatory requirements

POR — SUS Improved safety and health of employees; improved stakeholder relations; environmental preservation
Profit margin enhancement (PME)

PME — SUS Investment in cleaner production technologies; employment of sustainability talents; renewable integration; sustainable smart
product development
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